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1. Glacd.al gMlor,r of YHWl'ft W•ll• Cw.at,. t4wt.h Luou •• Zn 'i>ooke\ 
Y1 
TIM l8Jldtoru ot wet.em Wells -Co•v wn toMNd duri.ng late 
~"11aeou1un glac1.al aoU.Y1 v. l!eoau•• of tfi• nlat.1vel.y ctr,- eU.w 
t,MJ' baft bNn JIOdU'1ed only •11t.hU,, D¥ poet-claoial •l'H1on and we 
vut.ln,:. 
Tbe aou.tbMD .._third ot ta. areal• cbanetel'1Md by rsndaq-
on.ect.N MU.Jada of till or clud.-1oe _..lM. 'l'b• d..-ad-1.oe llO.ft1.ne 
orip.nai.d when a l.ar-c• ••• ot ataosant 1 .. ablated att..r VJ)ioal 
glaolal ~1t.1oul tea"""8 bad tGl"llled on U.s 6.l"U't-oOY•Nd wrf••• 
eo.plete ablation of tM lo• ruu.ltod in the oollapN •t the preY1ou•4 
fOl'"!IIIM tNt.U"M. 
TM NtU1niftl wo-Ud.rd• ot thtt area it obaraet.ri.Md b,1 end 
aora1M, ~ 11110raine, .,,....-., and. -1.tvai..r oh.annela. 
!WO 41NOt.iou (Jf iM &<h'&ne• AN ffidan~ 1ft WSW'ffl :«ell• Ceiant.J, 
•• ff'<>JII the aortbhat and th• other f'l"01ll the nort.hwe•t. £:iOINYW, 
hnTy a1Mnl analf••• of till 1ndioate t.ba1. the o•at.r of aooual&t.lon 
did aot oil'\. d11rin4 thi• t.1M. ·fbe t.wo t.H!ld• ot iu adYanoe t.n 
explained a, loiMt.tlon of \IMt Min ia. el\Mt. •• it enwred 'North Dekota. 
tobaU• •• onaed bJ the Tu.rt.le ,,\O'Gnta1na. Tb• nnlu ot •iu 
anal.TN•, ptlbble OOWIU, aftf! eould•r oounts ot tn. cU.fteNDt. drift. 
•h••t• ns,porta tb11 oonolu.•1on. 
Larp uount.e ol c!'O'IUld water that. oOllld b-e better uUllNd tor 
1rr1pt1on and 1ndueu,y «xiet in Ute r,nvel.e or th• Mlwatv channel.I 
Y11 
and O\ltvaab plains in w•tem i•lla C',(Jtlft\y. ::and and o-•••l depos1 ts 
.... ~t.. but a hig.h anal• oon.t.nt reat.ri.ct.a th<eil' NOnoll1.o valM. 
Tili 
l vt•h to upnas ., app:recd.ation to :"ir. John ~. ?·:.etd. lln1.M:rs1t,' 
or Mnt.h ;".;4.kota.. under whose •~iutrTilion thi• t.Msia was writ.ten. t~a 
adv110:ry oouit.\lN oo.w1sunc of En. John r... ivt14, .iil•on M. 1.ai.r'd, 
and ?l"ank !{. lamer ott•red nwlU'Oue •uggNt.lona to aid tn Ute ,-..rai 
int.rp1'1tta.ticm and clart.noat1on or 1<1•••· 11w1r aaeista.nff 111 gn,.t.J.y 
appl"Niat.d. 
t,\J.rl.ni th• field Naaon ot 196) valubl• gu1daDN and .ug.paUou 
were ~1't'4ld troa n,.. Laird, ~ta~ O.ologiat and ~loa r:~t 
Cba.1l'IINI. and. ::r. Heid, Oft tba1r rteite to v.ai.m '•,ells '.':om1ty. 
l~rcu• vuuahle tiold coo.teren .. , fol' 1th• uchafttt• of 5..deu wen 
held with :tonald J. l:;l'ffl, a araduate at.udent at the Cnl:ver11:cy of 
ltol"th i,akota, wko va• •pplac ,;laoial gffloa 1.n east.em ~.eU1 COWlt,. 
i~n ;1.,.-er, ot UMt U. '?.. Jeolo.;1oal ::iun.,-, turn1ehed the radio.. 
n.rbon dat.e •••d 1n tl!d.a repoH. 
Ted:{. J .... , a o-aduate etudeftt. 1n tbe M.ology r~t, 
klntlly •.-raw, 1d.entU1ed., oat.alopad, and aided in th• interpnatatim 
ot 1.be t lelatooeM aollu .... taua ooU.oted 1n wtNJUl'll :..·ells Count.7. 
field Wffk •• n~ b)' the North t:akow Oeoloc.1"1 :itaM'eJ• 
ill..JtJ:'.:ilA.L CJlt0L(I;)! O?i. ;i~f~ ,4ifJ..iii, GOUUTl, 
~'fi UA!lfl.! 
Tu pvpoa• ot thl• ,.- 1• to uaol"lb4J and tflNU• ~ cla•W 
&MJ.oc, .r wet.na x.U. Count,', • ...... eneri.at ~ aquaN ail• a 
o.nt.ftl l!:ffth Uakna. Ttd.e NNU'oli -. ~ ..._ u.. •llll'P1 ... 
ot tM ~ tallota ~-1 f/W:'9l97 dulaa th• 196) t1eld ••••• 
'I'h• 1ntomat1• 4-1..,.... .r.. thl• ~ 'All pron.4• i. l>Mu ter 
ran 1 ..: a ~rt. NpOI"\ to 1M f,AlbU4Jbed 1q t.tte U.r\a t1UtOU 
i:;eologS.eal sun.,- anct tl\11 w.tor'\h r:.-. ~'it.ak 11awr C41ltlAM•U.• 
Coa1.ttlon. i'ut 1 le.....,_ td\b tl\«t pol.oar ef ~•ll.a e.nty AM 
1• u a tollowd b7 i arta z _. J whicll •rw ~ \M ~ •'- 6nd. 
~gleal atrudl•• 'theN \.brM ,_,.rte vtll oeutl\uw a 61\dled 
4eNrl.pt.1• .r tb.it polog MCI AJ'dftlog of' l•l1- Cout, Md me;,: 
'11.1Mt.l1 M ua.t 1n t.ne N&l1 sat1• .r tlwt aat.unl ,,ot.ential or -. 
1 
'Ille fi-.ld 1IOr'k WU~ d\tli.114 the hlllllff of 196) by~ 
••t....U. tn'ffnN alctna ••• •eotlon road ill ~ ,Jell.a Cowlty 
UH1 notl.ag ~ N11PN:t.tl• ot tM NdlMll'te fl'Qlll road Oil.ta and qgend 
hol.M• ,~al fN\u.N8 1 paftl Jilt., U'\11'1olal «Da1'4lt.1.onat and 
~oaa\i)U GOA'-OV 11 •t.N w5. Ulla IHUOI\ llne bovnclvl• WNI 
un .. U.pt.41 oa ft:HJ'\. llMt WNW&tJ.Oll obtained wae plot\ed on 1958 
00\U.IV J"Md a.pa, Hale l t6,)60, ~ by iM *>rtb. I..-akota Hl4i:n1q 
;:.pal'1Mnt. Aeri.al pl\O\egt>&p)l•, s.oale 110))601 and U.5. ".)eolod,eal 
S•"• \opoerapllio •i• • au.le 1, 2ft000 • vi t.b. a oonto.lr lntenal of 
.ti.Ye lfft., wn \lNd u a.a -.id tor fttl.DiJlg ~••• W..Utyl.ng 
1.aaclt•F111 • aa4 d.U-Ung dl'ai.Mp baeu•. 
nu H.llpW .... eoll•ewd - • t®......Ue ptlcS Q'IMII wbioh 
..vffed '*- etlN up ...... Wwlel'Wa addlU.oul gnb H,11pl•• troa 
. 
\4mtat.tw IIIOl'pb;M\nUpiapbtc unt.u Md touUJ.r..-. Mdttlltn'U wi-e 
f'h• f':!wllMtrlla ( 1!8!) brl•fl1 d•or11*l ~ l)rU\ rrairi.e 1n 
t.be '¥1.0UliV or the Madwa\•rt or tae JUN Mver, ho u•o oouludt9d 
t.tur.t. the fU.•awri. Cowau. 1» a bedNei.c ph•a vhf.eh bu bNft IIOdit11Hl 
nit.I eut.e?'D-.. b1' r).utal •n•lGa Md •~t d.epN1t.1MI. 
Todd ( 1896) UJYdUptff aad deeef'lb,ad U.. «uolal fM~fJ 
' 
n.&WJl'Of>e of i:Orth '"'ii.koto. aesi.J•• hi.fl ~"r well d4t& tor ,411& 
Ct.lO\v a. inelad&d a ,..,..1 4-crlpttoa of the pbyaiC},:r-1,pbJ- ot \be 
l'i:S.aM'U'l ~Wia\l and th• ~~ dl'1tt. pn1.r1•. ~. aao ~--
t.h.at •lt.vawra trom a pNY1oaa 4lao1atJ.a ..,. flowtad dGJ"',i,1» tho Jaa.H 
all4 3heJ'.,.. "inn~ th• t.o thtJU' pn••t ron. i:Jft MrU.• 
ua.•••• 19~) 1rl'Mfllcat.N ~ nter nwlJ ,,...i.. .r a."417, 
iortb DakO\& Mid rHOMIM*I tut. NYenl 1.nt11\nt1n Rlla be 
c«!m$t.r\Mr'Wd 1A ~ 4"P CN•ol• ot t.he ,-,~. '.;1...- Ml.we.'*" 
~. 
l'UaMU { 194') blftaUpi.d UM ~ utn of tl'd Yua..td• 
aJ"«ia., ea!t\U'D ...-lla c.av ... ~ U.V.olo.~lo da\1. troa ..... n1 
wat.r wll• in wut.n .\>.Jell• Coat.,. 
!~nnob { 1947), ;;_...,. ( 1149), ud 'tetri.ek ( 194,) stwtted the 
c-hoial i•loo of tbNe MtJ«etmt fi\'ladran&l,e• eut ot ta. Mf area. 
11M J'N\lU.a ot tt.eir 'fJff .. UpUOM ~ 1A the urt.er,,-taU. ot 
th• 11"1.al t•t.t.ina Ml_,...._. :,NU. c.at7. 
,lfi.9Wl'ft ;1-11- Coat,' is t.lff inolu4«1 1a LHH Uld Col toll' I 
( 19~~; ninMr.l o:t w d•ia'WI .. ,..i.o ot rito~ t100ta. !11 
conJuett.c 1ri.\b tau, eo1toa, Lnke, and : . s.onall 096.l) lNb:U..;Nd 
• preU.a1M17 1,laol.•l •;, ot ~....- ;Juew. • a toal• or 1 s ,00000. 
,se,on dttta1led 1Mut.11•tJ.oa1 of \be &la.at.al poloc:, 1n adJaoa, 
ewnt.1• ba1'• btNA _.,.talND bJ' 1.:1.. 'tMl"t'Od &ad T.c. ~._...,..._ 
C neridaa S11N,Dt..7, 1J\ p,-.nt.l•, ~ IJlket.a ·'leelop.cal :i..,.y} • 
R.J. u-Ml ( eutwn J:ell• c-...t,-, a ,..,aauoa, hnh natcol.4l 
:}Mloei.Ml .t.J"Yq). &ad J.!.. ,-. MWI O-t.Mff (K1~ c--. 1962). 
,;;000f'd1Dg to p....._ ( t9:U • plat. 1) • \Ile &Na U.e• wi tbln wo 
ptotei.Ocrapblc p~ ot u. lnteri.or rld..n,. the~"'-.... 
t.w~ 1,..,.._. aad ~ant.kn---~ 1A tee illaa.S.aW U•nvi 
tutu.la J1tot,i.ca .C the ,Jna_t, ,•'l&iu l'NYi.aoe (fit• 1). ?ha MP AN& 
HY•.n "*8 aqun AU.el b•t.we T • 14,-1,50 H. • Md !t• 71-7) ;~'• U. is 
bOJideNd ·• ~ ~ b., ~)1...,.. an4 &.oann Co•U.•• on th4I aouV.. tq 
Wd.41' Coat;.;, • the wu\ b:, ,fibctrtd• COQl'lt.7, and on U. ••t. b1 
. 
... ~ 1.0 \he 1960 .... , !l6"'07 1• ta• luipa't \Olm 1ft 
waHl'!II 'l'l~l.le Couni.7 '4th a ~U.oa of 1,:,65. i<'1.ft N81lW ~ 
an al• looatAd w1.tb1n the-, uea, t.1w1 aff ~ ()48), Muutl.•l.d 
(iaJ), -~•ll._rg (ulnoor,oratti«A). ~(~IN),-, 
Cbuoley (U!.,...rponW). 
nar. t.ll.,.,.tbv va•• "4k41 ta•t cron · na11em \'elli Cow.nty 
u. Nol't.b tuot-a Mi(~• J and 7, ad t.{;. Fitbwair }:. TM f'Ulin.lq 
••U-. ot the .-p &NA aN .ao•Hibl• ~ MOU.on line roaa or 
----
' 
. ,.- -____ .., 
.,,.._,-------- --- ,_.,,-- --- _,.,--./ 
r






















vater .1H&J?lld ln...., aauaa, lffld • ~a~ttloteq fftP,M 
nor,u,l w the ,f1.nt ...,.t.tMrul.. TM t:.5,. r•tM!"'tMftt ot "-C~®.11.flre 
1~ O~a. P• 1~ ... 10.s•> claii!11!1eo t.hit clS..w or the U.• a• 
a ld.d-latlt;\id• MD\1.Matal oU..to tlbanoten.~od b1' • ....,. a, wiflt•n 
and 'WU'U ~. ClaaUe rMOJ"d.a tor Mant....t a!IN u ... ..._ J&fflJU'7 
~ratm.-e or 6., 0 , uwt u aY.,... J-..1,;r t.pentu-e ot 67.1°1. the 
~~ ••uon •••ra~ U) da;,a. AY•"- .am,ual pnoipltaU.• 1• 
HS.SJ inohetlt ot vh1oh 1J 1.aobH 1a "°t'Wd«t du!1.ni tho p•l"lod ,,pril 
::,n • ro,ional b&ais -uoatem ,,f•lls 1.:0U't;J' ts oltu,¥U1e.1 a• a tl..l!"'a 
u•a of c.n•oplud. and paat.v.l•A4 (J:'f•r•obn4tr, 1,59). t,a a looal 'b1uti1 
tM leYll'l anu .are t4fflln'till,:, ua!ld fe:r th4i uohuil.a.S produt1en of 




~ ••171ae; UI.OIJftU ot vat.r •Gl"'Unl c.tvin1 depo.siit.oe (Unlv. 
or ·,,iN. !¢aultU"lt ·,1.;xper1Jlent 'Jtat.ion Bull. '44. Tl• 80~1, 114). 
TM.• uu eorr••pond• to~ d.rUt plain or tu~~ and J,... 
Ri.Y•I' ..,..... ·"'"tad, .ilf&Mrl;r, •n.d B&n\N eo1l.t u. dirYeloped. • 
,ently ~tine to \UldttlaUng \111 .,.... Wlt.1'4 ... ,... abort elope• 
and 8ftflt1-ed. ct.prn11ou obanotv1.a'\10 or the low reU..r dead-iff 
...,,.. of the, 1-.i.N.tllrl 1:ot.....a ti1a"J1.et.• !~••• ntls 'IChieh an UMtclre, 
shallow 1$1la dff1tleped on S\ffP •lope• w1tb1.n tM obefflff• aoi.l 
.... , .,.. t.f'pieal or tll• •,• nll.t d•d-1• Ml"ai.ne of \he ntnGlll1"l 
c ....... tl.at.riot (Unl'f'. ot ,1.ae. t.0'1,nltuoe i•.ri.ant :{tats.en Bill. 
,-4, ,; 80J1, 11kt). 
,... pNnoul.v MMi.OMd (p. r.), u.. eoataem ..... wrc1 tit 
WNtem '•lla o--. u. .. wlirbU t.h4t Ml.He'U'i Cot.en ns.atn.ot or V. 
'llAela\ed Kl••Mll"l i'le\11&11 and the rMalnlng tw-t.111.rda el \l'ae .. 
aNA la 1a t.M \f•twn !.all• ::;eeu.• o£ ,._ Ce\Nl r:.Oliil.anru ( n.c. 1). 
TM Ht.sNV1 o.-.u iut.n.et. 1n ~ ~lh CCNn\r 1• enuaownaad 
by aa ~ ot t.n-,rat.N ~ liltlleh aan• it. ilp"UU.Ml t.e 
turthtP AWlfl.4- tM ..... !be , .. .,.,. Lu• [!t,ff\1•, ...... .,.. la 
aabdlndtd inte ~ J.-. i'J..••r ...... :1....,._ r~••r aft&, and ~IA 
ana •• ot whlob "1.ll •• dM~ Hpant.l.7 (.n., • .:t). 
1:-118 t1.ti••OU1. Cet.N.11 1.riaui.ct 1ft WMWffl •ll• Coan't7 U a Mrtb-
wet-tr.nd1ft€ band of lw to hila reU.et gl.&•1•1 dri.tt OMnciwtrl.-t 
by n\Ulltl'GIU ~ dapnea1-.. TM nonheari bcnmdary 1• .uked 
D1' a )!)l"'Oaneftt eaoa~t U1 t.be ~It por\10t'I of~ MfJ U"U 
(ti,.)) v\!Jleb dlld.nuh•• to an indla•illet onu 1a al.ope 'lo the 
.ottt.Maat. Aoctell'dlag 't.G ,.._. ... nd J ... (19,1), U.. eNupillllftt SJ 
'\he edgtt .t a tl•Olally .. .,..fl.fiect, drU"t..o.cweNd MdrcMk pla\ea11. "l'Mlr 
inv ... tlpt.1_. •how \bat \lltt •vtaffc HNl"JiMDt el Ute Co"-" 11.•• 
Mr\hN.tt of the ~ b-SNok .._'l"ylll8ftt.. : 1.Jtpaan { 1929) f'ffOl"O.ll 
drift thiakMHH or 415 feet atid 500 r .. t in \ha >d.esO'U'i :.:oteau 
f.·ia-t.rlct. , ... 1. thin the U.f' aNta. 
. 
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lllOrU• 1a Q..._ Coant., to 'Ute .... late the :::•t ~ Lake :.-p 
and tM *'t. ~ • ..._.. ~ Loep ..,_.w.,. a '*l:r-'* Id.ill w --.4-
UM •!Ht .-odbou. 1..au i.oap ot t.r.. ,l;iveewr -4 .,..1M •'8dl 
UlW ta. tOClib.,.. pan ol 1.M up Ullll la ...UGIII 29, ,O, ;)2, 1.11d ''• 
t1'0t'I a ~t. fMt.tJ.NI with 1,SG to 200 tff'\ ·or rellet to aa 1ad1,aUaot 
l•a~ '\OWaN ~ no~t WMft it._,., .. wl~ tM 4u,d...1 .. &IONiM. 
,,:~ad on 'tH aon1M an ... 11w riqM wbl.oh a~ •• llae-
au .. e ••rial~~. th• li.tbeloa •t the 1.U...ta 00111pru~ 
U.e-, MN.1..- 1• • eal..,...... •taw, ei.., \lll wld.ob u ~•b-
rr,q C, T 7/1) llha *7 u4 ~b oU•e-b""8 {.5 Y 4/4) ~ w1.. 
-...-.. -.~ an oeaeavaW a'\ tlw n,r .... 
n. pl"Od.u.l 11cte of ta• ,,;M\ :,~ 1.an r,.oep ot t.be ~it.Ntttv 
eAd IIOrtiN tol'IN t)le •001.Uffl bol'Wilar ot the up aNa .,.. l t. t.nnd• 
weetANt .t.nt.o i•,bfiAaa Cou\f (11,i;. 4). Tliwl l»1o1.ftf1u7 M.._ the end 
•r•1• •ad ·U.. du.4-i• ....,UMt i.l gradaU.ONll ,H th_.. 1, no t.U.aU.ct 
oh•U(!• la re.U.t. TlMt d.U\al •U. .t ~ '"' .. \'~~•Lau l,00p 
i• ,u.,:u,'Md appro.d.ut.l, one lld.le 1wth ta ~.i.d&tr t-o•'\7. ;,eH, the 
0001.aet 1a ~\ and l1M&ll_. aN ff1d4mt ea Hrlal ~•t.ottnf,M. 
111• ~1Uon ot ta• tlllCl •ntu 1• statlrar to UM\ o! tbe :••t 
Oc 
air p 














sup ot North !.>-ant.a. •bow ta t'lnu,• Ctty end aon:l.M tNl'ld1ni not"'t.hWNt 
aloai the nonhva po.n.ton of the :~la••n Cote..o. tb!'Ollgh ""W1'ft •lttlb 
Counv and into S.,._ri.dan COWtt,y. 1,11 UIUl1Mt1on af ••rial photocrapha 
and t1.:ld obettffaUou td.l to •~t t.b1• 1.nterr>ret.ation tb..,_t•n• 
in thtt npen the ana S.• upped u dead-iee IIOPalM 1natead ot :.Jr•• 
r..-d .. l, .. ,...1M. t·he Mjol' ~- Of Ute ~..U90U1"1 C..._Q 1ft 
VN'\em '<.-Us Coat:, 1• ,ebare.otM*l.Md tty dMd-1" •ra.1.M. r:-4-1,oe 
•nine ""1t8 r..- U.. elev ablat.i.en of a larp uu of atq,wrt in 
that 1• tldekly' .,....Nd with slaeul det)rta. It is i*Jtw.awd t.hat 
mheanng wi.tbi.n the 1oe 1n reap:oa•• t.o an obat.ruU• brouc1'1. Hb,lao1&1 
ti.11 up 1nto thtt gl.Hlff vllon nbeequnt ablation OODOMtnt.d it Oil 
t)le atd'ta ... r~ ,u.pU.OII oa\lMd the 1oe un t.o beeo. tnaoti.ff 
and poaaibly d.et..aehed. hoa tlM ana aotlY• 1N Meet. Ru.mine wa\41r 
and -..a WUt1ftc nd:Utrlbate4 the ftJ>41"&laeiu debri.s lato .tUoh 
tNt.ttrM aa CN\vUh pl.aw. laua, and n--.i,-onnte4 llO\lllda ot 
U.ll all re•Un.g on staanaat toe. CCN1pl•w •lU.na et th• •~t 
ioe naulted in the eol.lapae ot ttM pN't'ioul,y.t.-..d t•at1.lrea and U.. 
umtwua, topo.papt\f or dNd-loe ~ ruult«s.. v.x4H•ll•t d.t•-
g1we by UraYenor 095,) • :lraYtmOI" Md ~upsob (19}9), ~;\ala.,. {1950), 
and ~ppe (19.52). :ror • di•"-••1• or dMd.-lM mon1M wl"ld.noloa 
and a.._..., ot Uwt mod•• ot •1.p.n ... Cl-,1.,on (1962 1 p. Jlf-)8). 
;\tcsord1ng to t.he olaes1t1.oat1on Qf :1-r@Yen@ and Vi:aptch ( 19.59, 
1, 
P• 49), •• fflt&d-ioe IIOftUM pNMAt 14 thla t1!ae Mp U'N. oaa be dl:n.d.N 
lato tw tn,M. TIM r1nt ~ 1, dNi..pat.d ~ rellef' c1 .. et.1oe 
aorai.Ae and u• a n11.r of a.bout 1.so toet P'II" aquan Ill.a {11, • .S). 
'the ••and~ ia dut.p.a\.ed 1.a~t.e I.cl low relief dMd-in 
.. retne and baa a • ....,.... nallet or 5 w 20 reet P'W 1kJDan ai.l•. 
i::-•ct-l• tMtveo ueool..awct w1\h lw1• aole ttq;a&Uoa ue feud an 
bo'ta tff• of dM44N •ftlAlt {f.1.1• 6). 
, . Rlch reJJ.et • ....._ .. IIUUM l• PIW••t 1n U. enthwe\ portion 
of tu:-, ana w •'-<la 1a a atn.p outward al-, \bl a.1.._ 
Cout.r bwdw. i alwllU" .... l• looat..d UI UI• ...... t NOUOI\ •t 
t.he ~••MU"t. Cet.ear.i fJUt.~~ be..._ tM ......,..., ... ~i>IMn.da 
Count.,. £.ise•td• U.a ~Ung appeU'&Me, 01,a ..U.t dietl.d-1 .. 
HNiM 1• -.nou.ns«I b7 ....... 1llldl"&i.:Md ~,..,1 ... wb!.eb 
tnq .. tq .,.,1., ~lN , ....... 1~ t ..... aen1ne 
platNU. oloMd Md u ...... , .... ....,.-u. ...... ,... u4 r ...... 1 ... 
allod *1'Mh• Tu lit..boloa et Qe Ull GOllljpl'i.•lng the....,._ t.• 
a oa1-l'fflil•, •t41f¥, olq Ull whioh 1a yellewl.ab.gN7 {.5 T 7/2) .. 
b7 and Mdent.e oli:n..orown (} "f ilJ/4) vbell 'Rt. :tool.den ve INM..U 
Oft the nrt .... 
?he anu or hl,(h zoeli.•t dMd-1• MftiM probably ... tn.u 
nll•t to u» """* obstruti• ,...._ted by a ~al.al~ 
pl.aMA ('Ioiwna..S aad Jfllke, 19.51}. 14ltfflNlld And JeAke 1JmNUiatAMt 
the dead-ln •nine of t.b4 t(l••wri Co1.nv. n•r ~... ~ '::akot.a 
&8'1 ooaol.ued tb&t. the h1ib Nl1•t wu •• \0 • la,.,. er 4r1tt d•pnited 
en a pN-i·'let.atooene ~o bt.cb QU10M1 .vr.... ')ate fl"Oa 
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b.,,,..t.il Ul• Ni&tGU.ri Cot.at& at t.bu loa:tlon Um• s~~ Ut.air 
uterpnuU.•. !hey sv.1c••t th• topo'"$,ih1e hitb ha foraer plat.au 
or an aNllfl 1.tl b\lt.t.el and aeu.a. 'l'Me ••W\IOUan to 1.oe flow• plus 
that wu&CWJ by io• Ud,rHW:\I renl ted la infAue •HU'1ne tta.nby 
brincin« dMl'ia UV 1at.o 0.. 1oe. :'.;lib• ....... •1.ai*t.l.• amt aelaU.• 
oouentnted. tn. Ull at ta. IU'faee an<& l•ft tu.p. ~--1•W 
~ et t.1U on~ btMill"Nk baniR. 
:Znt.e"'*1ut. to low Nliet d...S.A.• _..w OMlaplu .. ot 
th• reu~ pcwt.ion or th-. n1aHUrl Cot•11 ;i.Uv1ot within tb• •P 
~. An •aapl• or low Nllef d...s-ioe ..... 1- en be teun4 in tbe 
a..a tollth et !'!.wdOII. In addition t• t ftMt.ly rolltna ,,...,.anoe, 
1 t. 1, olwlN.ot.erited 07 rewr actralned c.t.~rffaiona, tb• -~• 
ot a wak dn1aap qat•, ._..1ne plat.Nu•• nd ot.•ttd and l1Mar 
dt.ainteghtl.Oa r14pe. The eo-,.c1\1on •t \he tUl eoarprt•11lii, the 
MhiM l• a o.l•NIOUf, •tenJ, olq till wine!\ 1e 7elleri.•fi-lft1' 
{.5 Y 7/2) viMn fr,· and -.del'at. olJ,Y.,.b.rotdl {5 ! 4/'+) -. w•t.. 
boul<!•r• an tw to "8Ne. 
!ttt..r•cU.a\:e w low Nli.t dMd-1• taonl.M OQ.(CHU area.a ot 
l••• ut1.v• tb~i •t '\.H tlaci.er 1•• du t.o tJa6 al)aenoe ot a bedl'Hk 
b1p. !\ u ~'bl.lated tut. n\b • -.,,tru1rt.ton t.o tlew, sbeu-1.ng 
na dtt• to \h1M1nc oal1. S~t O.agaaU.cm aAd a&l4Uon proch&oed 
d.ead-1•• aen1•, bvt Ute lHe aoU.•• sh.Nring tailed to 111,pply tbe 
volfllft ot debna Nqd.N<I. t.o p:rocbac,e • hirh loo•l nliet. 
·t:'l"OA t.h1• d11eua1on, it 1• •••uaed t.Mt th• anu ot hi~ 
Ntli•t' dead•loe III01'tdJMt 1n we.1tffn J11tll1 Coat.1 an aeNciated with 
pnglu:ul t,.odrocak hi&M, ·,.1 th1n the area et M.gb r-eUef ~ice 
IIOftU. tt.en ts a d.Ctntw ~- !'11"1, {Ma•• •t ..i., 1962, P• 18j 
veet.w.rd.1nto t.l\e NP ar. t~ northern /1rt,1e:r ~U\V• 1nveat.1gllit1Gnt'! 
by a.au aftd. ot.bM"s 1n ti.M«n- Coun1.7 ,nw th• dn:tt. to be~ thia veMGI" 
T. 14,5 i., 'f" .• 71 ·'"• ( flg. 7). It. 1• bf!.lll!Wed to tM an 1•-~t 
t•at.u.re (flht, 19;7. ,. 88). TM.a eU'llatu'e wu pnbably f•f'll8d when 
&Otl.ft 1•• ffttff'odie a &tpoeti ot fu-&Uthd drtn ~ 4-tomn, th• 
'Wldwl11nf; s'tnUtJ.n dri.tt l.nte a wffttanwtd told. for a •Nr>Ut. 
diaeu11• ot ~ enancte·rl..St.1• and f;8IMSUI ot 1.._tbru't. tatvea 
a.. i~ 0,62), Hopkin.a {19',2}, Md ~.-theva aAd }iaolq (1960}. 
ird.UAIIW W'Mft su•1&1 tiebr1.a ti.11• 1.n .......... in aO'\,lft ""· i'1i:;,m 
.-pl•t.a ab1*t.1on ot the 1••, 'lb• t1Uiftf;s n-.1n u llnear to M~U' 
rl.df.•• ot •trat!.tlAd ilrlft er t.111 or ""'· ~;leiatea,"BUon :r1dp.e M"'t 
1 
Yl t • 
n a • 21. • 1 ' •• •• 
'° 
1al.Ua1Ad wn.n ,lae1al. tt•rt• tU.la ill op-.1Acs 1n or en •talUJI\. iee. 
llpon ~\41 •lttng of tn. ,ta~t lee, t.-n• t1ll1Ac• tw1n u 
liAMr. ~.,.. or olnul.ar ri.dgM. 
l'he ;f,i.••oan 0.Mau ':)'lri.riot. w1 ta1n UM a;> aNa dlaplqe aeYeral 
wU..denlo,ed ONY4utae tllltap or d1a1angnt1on 11.dct.a $1tob. •• the 
eM ~ .f"t lna, 600 l'Nt. w1d.e, &net 70 tHt nlcb 1n aNtt.a 21, 
t. 14? I•• R, 71 ,./• Air VftMO• lhOw a ,0 MJN• \,ad la Ut4J t .. ~. 
~ craftl ,u. on tbt ••t. tlDd ....-.la 'Ulat u. 1• ......-. ,, leut. in 
p1,rt., of poerq-at.nU.tt.9cl •Nd UMt _.. .. 1. 'fta• ,iartu. eal!Ur.lu a. 
de:tde ~ration of ""1Nff. 
1"wo l.-,.P R'\ l•N prealne'\ Ol"ffalM ftlllap or 41.alatep&Uoa 
r1.,, .. an tGIU'ld s.a ...uona ao, ,,. thd )6, t. 1"1'1 N., ~. 7' ,; •• aad 
ttffU_. 5 and ,, t·, 1~ ,., ''• TJ ilt• tll•j$• t~ an ale• aaplu 
nt.ll.W 'Uuln a1a11 .... 
OUytGft ( 1962, Jit• 40) NJ4ttr1•t• ic:.-.a 1n areu Gt dud-1H 
.,..1,,. to oou-p1wH• l\Ula et t...._., lo.......,.ot 1\N.U.tled drltt 
•10 an..,.. pf'OllllWftt tAM ta•~ as.111. , .... r1iu.., 
Cl.qtoa•• d•Nl'lptlon an •l•Wd 1n the ~~4, *"• 18, i. 147 1., 
~ .• n .,.., 1mt, .... 1. 1. ,,., •·· i\. 12 ·.·f., Jj(jYJi: • .... 22, i·. 145 "·· 
R. n w., aftld the s::.1H, .... ,1, t. 1w s •• "• r: ~. At ~ wt. 10-
••'"-- the 1n\fful •tl"IMt.llN ot the kue :lit .......iad 1n ••-'and 
p-aMl •MTat.1oa. .\.ll \lM lq...-. dlp ftlQ' fl"OII a Hat.a-al blgb pelat. 
ferohed-lake "41.aitf'lt.e. ?W'Ohttd-lule !t"1almta an 1n1tiat.d •• 
1.U.Mtnts devos1tl!d 1n a tlao1al lek• that h eoapl•t.el:Y w putialq 
V&lled by sta"'3ll\ tee. ilpon ooaplote a.bl.ation •f the io• 14llt, the 
lake a~t• NN-1.a 1n an •levated .. -os1t1oa. ':11• s«U.Mnt.t l•oi. 
<U.st.ort.1.0ft and u•tt easont.1all7 horttantal. Clqton ( 1962, P• 40) 
diae11~a•• tu.U.,. the euli•• ~oa ..-,ar<l1Ag po~ a.Ss...ata. 
ln •t.em ,.,elle Ceuat.:, ~lake~ an tfNDII at t.w 
ioo.u.ou in. t.M til•ltCftlft c.__ t-:t.•t.n.et.. ln a...u.ns 2)-:·.:",• 1. 14} »., 
P. 11 ·'•• \MN itJ Ul u.a ol per~ ~ ._, o., ,tqUN 
fd.lN 1n •'-1'• The el.ffated natuN .r tnla fM\11N 1al oleu:13 
diaplqed wh4lll it. 1• ~, ... ta. ...... 'tile ..... ~ ""'"'•lac 
taia fNtV. oouJ.at o.t a 11Jllold.._..q e1q ( S T 7 /1., wt). 
tlMl HOCMd loftU. 1• 1a -uena 1.5 md 26, t. 145 •·• i~. 1"3 ii. 
'tl'.HI .,...., 1• 0.2, .._.. .U.. 1n •tmt. and M.J' be~ ~pffd. 
'l'h ,..o.-.u eou1et. ot 4l.l'lt bNNn ailv e.1q < 10 n 2/2, wt). 
CGllapnd,..l.a tedl,MAt.s. '?OJ?OO'~• -~-
Ndlalt.rU ..._ a Nllt114 ~ M4 & lactk ot ~ 1M .-.i... 
!he ~ill of ~lu• ••ti.-U U dl•eu• by Cl.qtaa ( 1,oi, 
P• 39). ~fl'1d.n ua. MlaffV'I. ee.. ~1,vi.ot. ot u. up au NU.,Hd. 
lua .._.t.l &N tOUl!i Vi~ a,_. .r MV. Mitt &Ad 1w ·NJJ.«t aad. 
1M ......i.... 
I. ).5 ...... .U. UM ol .. llapMd or ~ •ll&pNd.lae 
t4ldialav u 1 ... w J...n ...u ... 1, a. 10, u, and ia. t. 146 l;., 
i~. ?l ?io ad a~ ot aGJH8Dt. eatlWftl t1Hal11 Cot&nt.7 (tlc. I). 
~et RY_..,.. 1Na \ha 20 fNt. J)V aqllQ'tt ud.le. 'tt. ..... ta 
'""'Prlaut tau.a .teattan ... tat ot 7tilM•b-brewn ailu (10 1:~ ,/4, 
wt), •h1U.~ elqa and IIU'll {.5 Y ;/2., we\.}, •• f1ne bNllm au&, 
(5 1· )/2. vet). it.t. 1-..t one "'laluld• or till 1.e eoat.al.DN Within the 
oollapaed-1.ue ~. Fwr ett.N vlt.hla 'this tMwre n.eldad foeaU 




14.k• •• •at.bi. r .. ,ro,qat!.oa ~ thne r ...... A diffuaioa ot u.. 
tosaU. eollMwd 1n .. tflffl ,~ell• ~- 1• liffft ud•• ta •••U.. 
on i11-1e'\o•- ~oa. 
At."laneu 1-aU... wtthln 11.be ana ot dMd-iee t•-.u bUMftU 
adti u.oa.l toe811.S.hnu and w.J'out.Uti!WOu peNhed mt eollapnd-
la.JN •dt.Mntt ,..... 119tacl that ..,. toe ..U '° be 1nolw.te4 on th8 
final ... 
/n,la-.ial lutMUtll ROb u at.llUft, -1..._tff eb..-1.at 11#1 
la.a M41._18 ae ...._ _. tlo not. at.pUlaaU, atfeet, the topo.. 
graptlle _,.. ... i. ta tu Mi.8NW1 C.Wa,i n&.tt.rld. ot ._.tull '4lll 
C<Nlltf • ~. tlil\uAW ........ flt •wub U'e ffl .. \ ._ta ol .. 
s~ etad ll8Nir.lllt ua u.fAdff r~. 
:.a.. abd •l•c-. :.aes ud slot.1CM u. .. ., ... NU and 
their abliltldaftte t• • ovt.atendlftl cbu••eted.atlo ot dMd-1• tot~. 
ru lakM •ad •1-,u ...,. the 1n ,pot& a u.. 1rwplar ~ 
w \M ke\t1- tOl'Md 1ly ·ta Ml\iai ot burlecl blooka ot 1M. TM watw 
1ft • .., ot \lie lakN dd sl-.,,_ 1• nlA,ae aad water 1 ... 11 tluwat. 
npUq vitil eua.- 1n th1t nu. •f ffl,pON.Uoa al!ld pl'MipS.taUa. 
nw .. an uull¥ tloond bf' 1-,......,.l• olq Ull. Cthff la.a UiCl 
sloqhl ucterl&t.n ~ &'lntlf.1M dri.ft• eeet.al.ft tl'Mh wa~r &nd 114•• a 
JJON •tabl• lwel. thN• ,.,,.....t. the int.ieneoU• of a d*PNl•1on 
14th tM ..... '41ble. 
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bU.lt,' ot t.t Mlai m """'1&\t• ild.lal. f•atbn. n. abaMOe 4t 
~~, d~1ts of nt.'Wdh •• 1t \U\U.kely tbttt. t.hia taatuN 1s 
a r.-.sional ~1-. 'rl»Nton, thl-1 fe&t.lD"tl is lnieJ."pNted t.o t. • 
•bear lDOl"atne ~ •• b•n t.41l\at1wlt n~ th• .: fK'7 G\l.l:Oh --.r 
*>l'fWMt. ANONtn,; to ij;laop ( 1957) • $Dear •nd.ms :rwa wt\«1 the 
~ or an loe 1AMt b...- lilrltU. awl 41\at.1Glft&l7' ~• to Wnni.ng 
-4 \hu.1$, &OU U aa --~ W the ...UYe 1M ~ 1 t... A S.S.. 
$I 1tteb •,lo laf'l.eat.9 SMU ~ d.nelop u \b.e ..u. .. iff a\'tap\8 
to °"""la ~ •t.ac-at 10.. Jt\lbcluhl &tt>rt• 1a t>NUgh.t. w ~ 
fttttaN of \bit tM aMtrt •l4Di thtt ,..,. pl.MM Md tor• 1.-.......a 
Ji.d,.a. Ir ntt1cd.•t ~ ..._h••• an • .,...v ri.dgca 0-t _,.~ 
nnlte. rid.a~··· 4uw.and • !iaaop, 1a t.he poe\\llati.ct lllOde .r 
depctat.\toa ot tile lf_,. ::~ • .._,. ......_. 
p.ooud mor4'M ii tll9 4N1MM fMtoe. ~i:.l.t•f •art.•• M ... 5 and 20 
, .. , ,- ·~ mil• u;~ a c.......U,, ~u.a«: a,,..._ to 
\be 1..,._,.. t·Mrl:,~ depNaa.l.OM an ~. bu1. aft Mt ae 
t\UMNU oa 1Jl the l'l$MUl"l Co'Miiau ·:tet.rs.n. TM 11 t.belo,.y ot ~ 
SM1Mft\ ~-ua tM ~ ilOl'alM u a MlM"°"'-8, oUty, el.t9 
till wtd.ob 1• yellowub-c·n:,, CS r 7/2) w-. 417 Mid Jl06tra\e •U•.,. 
bNMm (.5 Y 4/4) wtwa wt. a-1d.,. and eobbl .. are ab._, to N&Nte 
"? ... ftl. loea\1_. wt\ht.11 Urie a.NO •PP"••~ *>l"ai.M 
4.aen• add1 ,,..,, OOIDfltllt... 1~«,pMl. te in~ t.o be vi.nd,,.bltMI 
11.ltf' HIid. AN toud 1.n NOt!.O!Hl 1)1 i4, A¥¥f t,.S, 1. 14'1 el•• Fl., ·n W., 
4'ffl.d adJoiftl.ng t...U_. lei, 191 am :)O, 1'.. 14? N., :";• 11 '~•• BN\iOD Ut 
'l'. 14! i., £(. 13 i:., and •eeUon 25, 'i'• 146 tJ., !:• 71 .;. these a~t• 
~,.. OOMp0-1194 •£ ii. llOU'9IUIIOU8, hi~ or,an.10., silty ,and 'Jth1on 11 
111.0denw ;o.llow-brown ( 10 Y.I, j/4) wbft tlr, ud ~ yellew-bl'O\m 
(lo lN 4/2) when wt. tbioknea• varies ff'Olll o to fl'ffr j tee\. 'l'M 
diatrtb\tU.. 1, apqtt.,1 aMl a clq till osm uully oo fe•ad at t~ 
ndue ~ \be h1ibff •l•••-- wit.hi.n t.lwee _..... lM t.bl.olNr 
aGOIIIWJAtl .. lllUk &1l ~1*• and ~l .. 1a th• oul.\l.Yatod f~. 
'fNH dt,poslts &re~~ et,,....._,_ on.g;LG 11:Dd _.. dff1ftld ti"Oll \M 
vit'ld. fQ"Oftoa ot "11 te the Hrt.bwat. l'hla 141d1Mnt. :lo 11 t.Ml.apoall,' 
U•nt.lclal t.o Uw wind,,..bl.Cflffl ......._, tha't 11 bw71-.... u-..11M 
r ..... toda,. 
'" IIIIOd1f1.ed t.\ll 1• tonw 1n ~ eatru .,o.rU., ot r. 148 N., 
.:... 72 •. :., and T. 149 ~ •• t,:. ?'- '*• T• an. nu a nlW ot "'~-
uwl, , t.o 10 tNt. P'ff •'fMN :tJ.l• .and • povl,.....,.loped dl'as.u.-. 
'the IN\-t, o-,n.•l.n& t.au dapoeU, HGai.au at a •UV, cal.air tUl 
tlallar \o the Ull p"'1.0llll;, 8&011.lMd a,~ aQfti.U •l Uw 
JMliN i!lvw .,... (p. 2,5). ti. "1lp0tit.ieo e.r the t.1U APJliMJ"• to IMW• 
OM4l ..adU'iN rq lN'p .._ta et 1.mfUl\ &1lt o!Uld. olq. rtte lawaab 
Ndi.Mftta an ~nted to aav. ---.i.te<t •• • poat-d,ao1al ~t. 
la a topo~o low. 
A Wl,41)1l,aie&U, ttlcb ,-~ cm t.be WI"~ till plaln 
la tGIIIMl in ... u •• 14 Mad 1}, T. t49 i •• 1-i.. 72 .... Ia pl.Ml View 1t 
fffti'. o., .....,.. -11" u.d li •lllpt.iw 1• el'blp,.. 'lhe 1., a-a:u, 
orl-.uid ~1.. u .t;OOO tHt. l.oa&. 1.\ b zcoo f ottt. vi.de ud thtl 
J11Ut. . ti.1.int. 1a ?:; f..t. ·:•ll•,.. rldc-a &N ~ed • tne llllln 
tht\lNI ~Uni Unutiau to 1 t. ·rt» fut\U"ll :b oorApOted o! olq 
till, at leut. aa t•r u a.u.rer pecevatl.On waa po&..U.l•, uld iMiNJ._.. 
'I.? 
•~• n.-.l"Ml$ on tb• •ld"taoe. 
ihl.• t-eat\lN wq Nprucmt aey OM' ot t.M tollowi11«1 
1) a Ull-OO¥ttnd be<lNOk i'i1r)l 
2:) a ••P'IMt. ot a reoeecs1oul 1110NiM 
:, ) u wvndon '1,acd.&l tut.ve inbe1"1 \ed tNII • pNY'l.ats 
glacial df._• 
~) • de.-.lt •J t'ffMt"' 1-...aet&oi. ,tnti!1ed dl'U't 
'ild.a t••t11re u Mt 1A o•t.1md.t7 wlt.h _,. ota.r NOMalonl ~ 
1n WNWl'h Aell• :eat..,, .-,u .... 11 Ut-.....rore laoktng to eonelu&t 
that 1-L b • NIMftt of a NICJN.S.eal IIOl"a1-. Colton,~. and 
LiadYo.ll (196;) ~ thu topocnpM.o toatvo •• a depoa1t. et tOff1181' 
1ee-eontan evat.Ui4d dr1.t1.. the ~•1t1on ot the •ed.1.Mllt.. 1n the 
upp_. tin t..t a.\ Sffffal lonUou 1ndlnua ola)' tUl t.ut.ad et 
atn\U'led dri.tt. l'aw.,pNtaU.• u a t.t.~ 'b«INNak ld.1h 11 
.?O•t.ll.ht.M 1.M\Ud ot An laberi.W alae1al t'Mtu. uiJll,J bM&t&M the 
obUff& •t hff11'd. of bod.re.ck &N btwt.tw ~ 't.lmM of uoou-olJ.dated 
ttlAl.lal drl.tt d~ UM OYVrl.tU.ntb aeU.on et an iM •hfft.. lat.rnal 
11t.holo&1.• data on Uw •ed.iMat. GMpri.•~ t.M.a r .. tliN 1G --•••r:r 
tor a nul dlagnoeu. 
~ liDNU .. are 4'18Mfl!ll.hl• 1A tale pow,d ~ of tae 
Jun t.1Tff' _... 6'/ ....n•n :·~•lh County. 'lw t1'PU are p"8Utt 
(1) va•hM&NS s.oralaee and (2) g;l.&et.al '""•• 
·1a•hboU'd •••1•• an &NUte rl.d&M of Ull pnnablt tof'fldtd 
by ti. ahea~ teUon ol' aotl•• 1• OYer Nlat1T•l.11naoti'N 1M. 
~,\lbglacul ~n• is b~'ilt. to Ute avtaee of the i.• alon.i; bit;h 
*At::le &Mar plMM AM &Jp•tl\ed as 108..0f)ffl rld,6 .. (F':isbop, 19.57, 111 
"::u.baequnt st.a{!'ftatl• and ablation ~f..Mt.ea th• abl"it in the 
28 
ro:rai ot anui. ri.d,zN oriaW ~eulU" to the cU.raetion or 1M 
~vffl.Aftt. ,,uhboard ll01"'1..1nee u-• well dettelo:p8',d 1n -r. 149 , •• :;. 7:. :.... 
(!1;. 9). n.•ld id•U.!'1eat.1tm. 1• dift1o\llt, but examina.U.• of 
'l•ri.al photoO"Qpbs NV•al their ebiaraot•istt.o•. l'M &1'1tt'Af10 beiibt 
1.8 ,5 to 10 fN\ wi '\it e..- 4# ld.!$11 U 20 !Ht.a The liYGr'•P wi.d.th b 
r..'O Ce,trt &NI tb• leQ(th ab01at 4000 fe•t.. The dt.at.anoo betwee ccm-
Sff\lti v• vaahboU'd aol"tllna• raq•• f'l"N }SO t.o 2700 r .. ,. tbe;J' an 
ooap...S et "41.Mot that 1• t.dfttinl w th• ~1.ft& gl'OW.ld 
.lltliWd.M. 
COMpi-- glaoUl poffft, Ol"SAnt.d ~\, ,.,-•ll•l to the 
d.ireeU• ot l.ftt•n• :I.ff .,.. .... .,, an ttl'mld la r. 11+7 i,, n.. 71 ;.;, 
and T. 14e i., ii, 71 1t. 1::. aw1al photo-~ ...._,. ap...,.., u 4aric 
•lonp'4d. lew spow. 'I1MtM ;ue1al ~ pMbabJ.;v "PIW•t. 1.oe IIIOOV 
on ~ QftCl,arl,ia~ aott. bedNok. .\A wt.on, ot "\he d.wn \llalM ~orMtl• 
(Up,-l" Creue..a.a) '*""" 11'1 \bl Tlot.m.ty ot \M pt'Offd su.b•t.anUat.ae 
th.la 14••• Lat.a oa drl.ft thieime•• 1.s not. availai.. tor \bi.• an&. 
~·.,..r 1 ........ ue\ 1trat.t.ft.4MI drift,• a oonap1'1M*t ••k•r 1• tOIJ.lld 1.n 
tl'.w JaMW tl"l"ff.,.. 1n ... u.-. )t 4, and U>, t. 14'3 !., ii, 72 c'• and 
&d.ja ... t. s..Uon )S. l• V+'; .ti •• it. 71 ;.;• ·tba !Mt.an 1.t •Ui,bt.ly 
eu.4Mlt llltd ~ nol'th,,..t.. lt lt t al.la lM.ic. 11.00 t•t v1u. ud 
40 t•t td.'91. n ialld Nlld gl'IA'¥•l plt 1n tlte Nit, '"• ,., t • lt.8 i., 
R. 71 .ie ~ • eollpOftU• flt »tnt.l.11.ed. MM and gnY•l• 
Ji aull.r r .. wn also b•l1.n.-i 1.0 'M an uur is looa~ 1a 
•eoUOM 2. u, UJd 12. 1. 149 i., \,, 71 ti• lt 11 a dl•oonUm101.u11. 
timlOU rldg• of sand and p-aYel ••tdmd~ tor ::.., lid.lea. ;,not.hor 
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thnre 1111- ~h ,eeucma H, 1,. and 14, T • 1~ ii., 1-:. 71 "• 1 1S 
al10 1nt.rpretad 'Lo oe an osker. 
;, &""'P ot. tov nlatiY.:l, •vaiaM, ore-.u•• till1ft.i• or <U.•-
urtege:U.on r14p• oeov 'lri.Ul1n t.u J..., rU.ftr ana ot w.swn ,i•ll• 
. Couft\7 1n HOt10ft8 2a ad 2.) 1 l. 1)0 ~., rt• 71 "'• l'bey •••net 0.4 
m.lo 1n ~. :,oo feet. in vldt.a, and ~o tfft in twa11kt. : .. ....-.J. 
sullw orwu•• tUl18'8 w d.iainw,ntt.oa rt.dee• .... al.N not.N ln 
the &J'M. 
xelt.wat.r oiwuaela And teJT&ffiS. lwo dut.ilt4tt1:M •lwawr 
ch41n.ael.9 in th• Jtdtllta HiY•r area ot 111Utarft ..:•lla Couat.y an ~k,:, i{UR 
and tH Juae8 1•• Mltw&t.v ~. Eoeky !{WI •lt..water oha.AMl 
start.a 1A 't. 146 ~., N. 71 ,,:. and t.Nlnda IIOJ"tbM.tt into ee•t.rn .,..u. 
Co\lnt,'. ta toe bntw..-v•l.-S pol'U.on U, 11 100 fN\ w14• lad 25 
r .. t dftp. IM cna-.. 11• nt 1n U.ll u4 eonta1u ~.u .. of •and, 
ailt., •• ol&Jr .... ot whloa -, be rMent alluT1a. .tt._t •lliaau 
collnwd rra the NdlMnt# in ta tlow ot th• ..ii..wr olwmMl an 
liai.fad IU.ld•r tM ••U• • il•llt.oo.a paleontolos,. 
F1Te wll ...... el.ope4 kue t.•ff*MI OlllpOIM ot et.NU.tied land 
ud , ... .,..1 an prM..t alone hooq Jiu •ltwater ebaftMl. ·rhe)' ue 
looawd 1n 8Ht.itmS ), 4 1 a-1 9 1 :Ce 146 J., rt• 71 '.1i• 'Ua.ae Wl'T'&OU 
an 11111W 1n eart.ent but w~ed b,v in••l t>it •uvationa. 
lbe , .... ?.lv•r Ml twat-er ~l tri,nda soutMaa\ aones 1. 149 u., 
I"\• 71 and 7~ ,:. ot' t.he Ja.Me 1;~h·•i- area Mnd int.o east.n :ells ~:cunv. 
topograpbloa.llJ', the •ltw-at4t1' ONtM"Ol is ;i broad• ,hallow !w'UU"'$, 
par1. or which 1a occupied by- t4e preee11t JU'IIM li1ver. Jh-e wld.tb 
:,1 
aven.e .. 1600 ,,,.~-.. and the dept.:l about. 10 reet.. ·rn. ehannel 1t oat 
tn oLQ- t.111 and oontaina sparae dei--os1 \t ot a&nd and .;;rn·•l oovoroc1 
in yla••• by l'ft04tft~ alluv1Wk. 
:, Id.Mt" .wl \'Hater ohanr.-1 1t.art.e near the ; on:, Guloh shear 
aor&i..ne, ~nd.• for t1N 111.lus to t.he aoJ"tMA•t and th.n ~ous 
ot>eouNd 111 th• t,?OW\d IIOl'&ine of t..ha Jaua 1~1ver af'tla. 
i,aJce aed1Mnu. rroglaoW lake MGi._i.a an tNnd in ta..-
loo.alA. U• aori.M&t't 8t the t..uaGIU'i Cot.Nu ~t. in tM J ... a 
'ivor area. 'Uae l.arc••t uea ot la.iuJ !Nld1.Mat. OONn apprtad.at.el;y 
five equa.pe allM in T. 14.8 N.. :·1. 7) w. { r1,. 10). rwo •Mll•I" depoaU.a 
are loc.at.ed z.5 and:, al.l.N aoutlleaat et U.. Mrtt ~1v• depNlt-. 
}he ANU arw relaUYely Cat, b1&t. rl•• genU.,- 1n t.M dlftet.S.OR of tM 
,ot-n\l Mo«r.;.anrt.. 1M sediatNlU ..... 1•1nl ~-• t.b.nft 4Atpw.U4 aft 
e.iAilu .Jni. 1Ml.ade la.n el••• eilu, aad out.wub •and a.Ad p,wel 
wiU\ NOU1on&l •taland-."' of Ull. l.low.den Uld NbW.M aft aba•t. 
eaHp'I. • t.u Ull •1•1ano•. roaeil ud ,.._._ .Uuu ••11 . ..wd 
tro.a all tJuree •U·• •·" l1at.d undn Ut• Met.ion on rlei••ene 
val•OAtoloa. Ta. N41aen\.a --- 1>1·i.lb&bly deponwd ia at......- 1.0.-
da•••d i.u that. ro......s bet.wua tM ·;o'"" esearpaet. and tk• 1oe -.. 
to tbe non.a. 
~onglu1al i,andtonu 
Lak• Hdiaent.s. .,eat Gt .i'-e.a•$Nien 1n t.r-.e nort.!Mtst c.omw ot 
! • 148 t •• £,,• 71 ,1'• t., a 1 • .s ,q....._lllll.4' aroa UH* as a l"tt04lllt lake 
deµoa1t.. .:.l't.hOU.th ·t.tte Aro& h dJ7 now, ~an1,bio !JHtf>llf d.-'t4o l)i+O 
snow the ana H an ei;,he•eral lake. ,, narro.. Mn-Md• trench w 
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laJfl"• of lit::bt'- olhe.fil'.:rMn l•k• el.qt ud ,U.lte U \ 5/2, w\} "1tb. 
tand str.\ngen. ·all i. p,.••t. 1n. MIQ" locat.ime and b~r• aN 
abs.«nt t.e Y•J7 DWH.NlUa. ,.qut.ie 1••tnpode1 oolleotad fl"N tM ~ll,; • 
5He 141 i'• 14e *u ~,. 71 -~• 8Wi)at,aa1.,1•te a la.k• &Yil'ODllfQ\ 1~\W"pn-
1s au~ b.; • atrandlln. wtu.o .b lO f••t hither thu t.M pNMn'\ 
la~• ,nirtaoe. ~-e\WeeA t..h•• two lw•l.• b a f1ne ,-.Uowteh-p-q •.and 
( 5 ! 7 / :7', w•t.). Ji. soil !\AS dof•lopod OR 1.h• Hdiant ~t'IMlm tM two 
strudlinu il¥U..oaUag that. t.h• 2.0-toot drop ill lake level lo r.ot. a 
)4 
dra.1•1• 1B by way of tb& ~~hqeNMt !~lNf" to t.lle aorthnat. Th• •Jor 
port.ion of tM H'M 1e a flat to undulaUn.;. tUl plain vltb a Yarl.e'tf' 
ot ~•-' Pl'O,laeial fMt.ur.t. 
tfld IIIIOl"UM. .·1 eaall port.ion ot tu Heitldal emt !60R1ne• MJNd 
by J;,ranott { 194"/, p. 6), 1• looat.od 1n the norin.ast oc,mer of : • 1.50 lll., 
'". 71 ,J. 11Mt ,;te1.llldal lffld aoraU. 11 MN •xtens1v• 1n eutom ·,;:ell.a 
::::ouv and nonhward 1.ato ll..,..., c~. how.ver, TJ:ua ~ion oon-
sidered beN U &l,;,pFOXl•t..11 2.5 aqun m.le& 1n u:t.eat. l'opot;raptd.. 
~. 1t 1t billy, rolla.n& ~- vith 6_; r-.t ot NU-.f p,,r ·~ 
mile. fl'etl'al aaallff ~~sed riq• t~ t'&O!'thnst.ward 
appear as l~u.tl .. • antal phot.o(n;>M, 'Ja. lltbolcta o! tbe 
s..U.nt. OOJll.>71•~ tae «llld aonim u • ale.....,.. olcq· t1ll wl\leh 
is ,.llowiR-""'7 (5 Y 7/2) whea ,Jr,- .and !IIDd&l"&te oU.ve-brown {,!i I 4/4) 
wrt•n wet. ~• b<Nld4mt and o4>bt.il•• an conwnt.rated at th• 
Qrrwnd JIIOl"lltae. ~ ~ 110nlu pftffftt ln the "$lwyeemo :~Mr 
H'M 1• • ~twa:Ni ••'Unllatton ot \t\e gl'Otlnd aon.1• 4-ortMCI 
S.n the JaM1 ~1Y•r &Na(~. IS). lt 1• a 1 .... 1 to unduat.1nc till 
pl.ala vtta app...,...t.aq 10 :t•t ot rell•f ptr ... " Ill.le. n. 
1.i&i.JNiln. ...,n•l.ne tM il"OU.d ... 1 .. 1• a ttel•rew• olq t.1.ll 
'lffl1ot\ 11 7•1.lew\•h-0"'~ c, Y ?/I)~- dry Md ~te oli'N...brown 
<, '! 4/4) .fl 1"1it.. 
Two arMI ot NNat. wi.ftd.blcnm a1lt1 Hftd ••·• the p-ound .n1• 
in '1'. 1,0 1. , H-. n and 1) ii. Tld.eiU'Mtae nrifl rros o t.o ~reA ter tbu 
3S 
!i f ct,,.,t.. C:Offii.'O.t1 tionally thM• t11 v •••• AN .uhmt1oal to u.. eolian 
d.1tp09i ti i»a01"1bed i'A the J&M• F"iffP aN& { i> • l:!)) • 
:tnel'.\ld.ed 1n t.». ana M?J>M •• gl'Ollfld lWN1M u a eonap1...-
t&pop«1ph10 higb r.tllJ"l'ed te loeallf •• the ri11'\te u f~onle which 
ris• 120 !Ht abff• t.be ~Ilg ttll plain. C'.oltoa, t.-... and 
Z.1.nd'tt&ll (196)) han mapp«l tld.t tutAllN d a JIIOUl\d ot to,,... 1 .... 
eenteot st.Ht.ltllld drift vt.Wn u ana ot ad -.wau.e dttpoai\ed l>y 
an undltt.retbt.tid 1• •••••• /,neral •ud.nat.leu .r t.M F~\\e d4a 
i{orale tailed t.o ,weal any naterial o\M'r t.bn till, at. la•t. •• tv 
as auger peMtni.\oa wu pee1ill>l•. r._.,... 1 t 1• ••iP'ft«l that 
Bu.tt. u i'ionle 1• • pl'Obabh "4~ hlp nu. 1 tlll ..... r. 
'lh aNa ~inc 1'hatt.• 4- !·!-Ot"ale •• ~ •• Yd •N1• 
by colwn, L.elk•, a.Ml tJJ'dWall. Yiel..d 1~YU1.1.pt.1oas la41.oa• it 1• 
trouM ..,..1.. u. va• the.Nron •ppttd as ~ AIOfti.M ot t.be 
~lM7enn• ri1Y8r' U'N la ta.11 ft~• 
Foner 10 ... ooot.act tt.raUfi-4 t:lntt. tl'lctff se'Y•nl ad.Ml" tea~ 
beUttod to bee Nkon, u••· u.4 .......... t1llin11 .,. d1.s1awttn.Uon. 
rl.d3*S in the SlMyemm ?1Y81' &H8 0: 'W$1Atffl ·,1•lle County. 1M eekert 
a.re ••ll. aftd aft reatrle;..d W tfft.1.0U te AM 19, 1'. 14' ?lo :,I, 73 i, 
and to t.h• ~;••• :,ake •lt.wat.r ohaaMl in 1. 1,0 1., l.;. ?2 and. 7"J ,., 
::.'\hw , .. .,... ,i.o atffp"\ed to be OJ"e'lu•• f1ll1.11C•, d.1e1ratecntion 
r14'•, and i(IJll!teJ an lou:t.ed "1tli:1a tbi, &l'H b\li. \hey ur• too e.ull 
to be 1acltt.ded on tM final •ii• 
,, 
o.twaMel in watern ,ielle :ount:, b occupied by tho pNMnt 5~ 
~,1..,w. Xt. enun the .up *"4 troa t. berld,u, fJ.ounty And tr.nda aortb-
tN.at aorocu, ,ells Count,' 1snd into ,,enaon. ::.ount.1. .'.ceordlft, to L••• 
&Dd :olt.cn 09)8, J;1. ,x) 1 tM ::~ H1Ter alt.wat.e:r c~l waa orae 
of th• QU.tlei.1 for (J.ao.1.al ~ .. k.e O\U'is. rhe Ohl1lMel, llh1ob 1a cut 1a 
till, 1.s 1000 tMt. w1.d• and 40 feet ffltep {fig. 11). Ia. •..u..nu 1n 
the ehannel ooM1at et a&Od Md ,nvel, 0"'9red in ill .... by reMn\ 
allunWll. 
At. two looaUeaa terra°" .,.... ot>.......-t ~ Ute •ltnter 
nanMl. k ....... ol"Oad. \.t-rt'He 1• ,..,.. at 1j50 tMt. •l••U• .-
ail• ~•t or fl&ff.,, ~ r ..... ...s a lOl!ll, na.1"Nllf .,,.... n1au 
at th• .... •ln•U• 1n t.M nort.hwet .....- or?. 1,0 r.., rt. 71 li'. 
Hent, a ••ll·•• lovtt Uff&o• at 1.S2} t•t •l•Yat-lba wu a.110 ob1tene4 
( ti.th 12). Gn••l pit exena\ieae tlhew t.u.1. all the terNoff an 
eoJ1p11ed ot •tnWled t&nd and gnffl. 
A 0.5 lid.le ht.iaent. ot tu H-.a.tal ''1Mnion C~l (t .. ll'iiM amt 
Colton, 195~, ~late 1) l• preeeat. ln \h• nort.healtt ectl"Oer ot T. 1~0 ~ •• 
n. 71 "• lt is 1000 fM\. wide, 25 feet dMp, end u ondelun by \btek 
d•r,Hit.11 of outwub pn•l (Branoh, 1'41, p. tt). ;,ooordiq to 1..-.. 
.o.nd Colton (1958. plate 1). th• ohanMl wu fO'J'lled 'ilben tbe •ltwa:t...-
1.n one ot the outl«t eharanel, tor Jl•e1al L6kft oar1s •• d9f'leet.d 
southward by th• advanoe of the Leeda 1• lobe. t.tt.r th«t 1oe l°" 
ablated, the •U.,1lfA:t«r nturned to ite lOWC' northwn l'Otl.U. 
C,ooae :...ak• Mltlnlt.r ehaiu»l ••tAftde ... tWU'd tor e 1111•• 11,oroee 
!. 1.50 N., :"• 71. 72, and 7' ·,.J. rt it 1800 f•et wU. and 25 toet deep 
la U. b•·t.t.er-dffeloped ;,crt1ou. l"he thftmel tllM"v;N with ta. iT'O\U\d 
momine (;)f the hq,enne :'ti Tor e:r.e• Att 1 t tNnda •••t.tifflrd., 'TM ••U.Mnte 
Ill 
Fl .. 11. 
• • • • 1 •• • 7) • 
' 
1 
.. • 1), • 1) •• • ?1 • 
)9 
consist. or a and l\nd uav•l vi th 1!'1W114J"'0U.S boulders. 7leoont raolluske 
c&ll,•H:ted tl"OJll the ohanrael s«li..Mnt. are lliated under the aeoU.on on 
,· 1•1•~ paleoatoloo. Goose Lake ohannel h b•lieved to have been 
fol"lllltd by lNl.twater fl"Oa 'the '.ciour!.8 i't1VeJ' lob•. 
A oontimaation or the Ja-.s H1v•:r •lt.11ater chlt.nMl, d1HUttMki 
~r pro&l4oial landtortill$ of the JUiff f<1v•r .,... (p. )-0), tl"ends 
southeaa1. aeo•• tlw '.;!;hey._. if!.'t'fl' .,.... ! t orl.d,.nate• as a ahallow 
ehannel Gilt in a till plain lrt ...U.on 24, T. 1.50 r.., ~. 1, "• at \M 
~ ot an OG'buh ;lain. ?be &ftt"tlfe 'Width 1a ,oo t•t AM \be depth 
11 ,1bout 10 t•t. !t t.• :ln<U.•t.1.nct and 1ilU.kly-4fl'elctped throu;h .oet 
of ih• ·11wqenne !i:1'fe!" ~. but beooUtl better-dweloped as it pro-
gl'UIN ttou.th••twvd. f.'i~ts in th• channel cone1at ot ••tt..Nd 
dep,Mita ot sand and o-n•l• 
ttw JaMfl :i-i:1•er 11eltvater ehan:nel 1• "t.Nlntteoted by the cloeper, 
bettv ... dnel~ ~·~ :U.ffl'" Mltvater ohal'JMl. in eeoUou 28 Md 
29. T. 1,0 w., n.. 11. w. rue c-rN,nt'\l.ftc rolat1enehip tndioawe \bat 
tbe JaMa !<t1T•r ohaa.l •t.datee U.. tonat1on ot tb4' SNJ"UM ltiv•r 
ona .. 1. 
l'wo nall. poorly...-v-1o}*! Mltwe.tv obanllele U'end .-u.eut-
WU'Cl troa tbe eutvub plaS.a t•rud du.r1nc tbe ablats.on ot the SCN.ria 
~1ftl" lobe 1J.\ tbe ... i.em p&l't of the ··beJ'•nne iii.Yer area, CM of 
\bu beoOMc loat whwe 1t -=-a• •1th U- tandulat.in1 ·t:!ll plain ot 
the ~h~ ~•er area. '!he ••and cmamel teN.inat.e 1n the ~;h•yenne 
N.1ver Mltwat.er tnnoh. Bot-h ~la t.N out 1n till and oon:ta.1.n 
d1eeont1m1•• sand a.Ad P'•••l deposit.a. 
A bt'Oad shallow tutun 1.ntnpreted tc M .a •ltwat.•r obam•l 
t.renda IIOf'\Uaet tor 5 Illas ~ po,"tiona ot sections 4• 9. 17, 19, 
40 
&Ad :ZC, l'. 149 ~ •• H. 72 :t• It i,s 1000 .t .. t widlt and j !Ht '*i> 1n 
t.he b•t~eloped ,ort.1on. ud Mrpa witb tbe ~ IIOft:1119 ot tM 
S.bq1mne Hi'ftT' u-ea towvd th llOl"'ih4tUt.. 'iu oll.a.DMl U ftt la tUl 
but baa Id.Roi' depo11i u or on4. alUl clq aJ.ona 1u ...,.... 
Lau sedillenu. Laa silt• a.ad ol.a7• wb1* an a wat,... -~ 
ot th• 18M a.U.Mllta ... r1w 1n u. J.- Bl•• • .,. (p. :,1} are 
louted 1n ... u. 19, t. 1.48 r, •• n. ?) ,<. SuaN t.b97· ••• a ebd.lar 
topop,apbi.o .....-•1• •114 litMloO", tMf' are Datt .U.aou"4 heft. 
cutwun pl&1a. ,is, W.A t.a. s...,._ J11i'ftl' ana 11 an oa-..h 
p~ rela\ecl t.e tot Martla ad ilOftdJle f4 t.M Sovl.• 1.r.1Yff iee lobe. 
1\ GOftrl alleut 14 lqW"e a\lu u t. 1}0 N., ia. ?J :"• 1\ 1a ~ 
• ~ ......... t. bf ta. d1a1.al M;ti ot the .t,i#tla ad. llill'une and on 
the seotbMat it. ...-, into u. ~ aoNWle ot the f,_,.... td.Ter 
ana. Fteliet 18 S to 10 twt. pv aqaal"it Mlle. lhe ..,..lU. et th• 
•wash plab 1• Mad and tnnl Id.th a ....... evaUtl0&Uon N'Nl&led 
'by uUti.o1&1 _.Yat1 ... 
Lall• NIU.Mnu. A o. a, aquN aU,• d9pNit or dl.1ooat1.naoU 
lak4t Ndl.Mnt oouuU.ng .r • 1.Uow11t. .... grq ola7 (SY 7/21 vet} oeeun 
la thtl s;1;, .... 1. t. l,O w., R. 1' ,. 'I'hu 1• belined to be a 
l'9CNNR lake~" bffau• UM J.au nc11 ... , is u~ v1th 
1.nwuh •oil and ftffllt. allffta. 
lf.1 
':-eetiOa 1n wwt.tti-n :,.,tell, Oow:l.\7 bcnmdtid on the norta and wut b7' the 
•:P ..,_ border, •• •11 the •out.heaat. bf the dietal eqe or the Ha,-th 
end _,..iae (t1th 2) • Abol01. 8 ~ aU• •t the ff.art.ia UM an 
1nol.a.ct ritld.n ... ..._. ~i1.i1, CwD1f' ta the ~t eorner ot r. 1,0 "·• 
a. 1, ·,1. 
tad ....U., 'f"- M..u1u end ..._1-, __. by L._. and C•ltoa 
(1958, P• .119) t 1• p,.._t. 1n the ~It. _,... ot l'iel.a o..nt,. lt 
__. ~t M:rNI tbe ~ ..... u a~ bard of ..... 
la...._ 4rUt wit.II a ... u..t 14 tip w .SC tee\ ,- ...... Id.le (ti,.. 1) 
and U•).. TM lltlM>loO' ot U. ..U...t oe,aprt.ftnc taw. Ad ....._ u 
• oalea,._ oi., till whloh u T•lJ.ovlab,..cn, (.SI 7/Z) Vben U7 u4 
11,:lat. elJ.-..bJWII (j I ,/6) wba 'Ifft. 5 ... NU ~ and NtblN 
an ......-.w at ·the evr .... 
r~ .. .....,,.. Aleec tn. pl"Old.al Ma• or ti. t~1n end 
....... U'tt looal .,.... ot <Aead-1.ff JIIDl'.d.ne, '-• anu &ft 1n part.a 
ot ...U.ou 5 • 4, Nld 7, 1'. 1.SO t4. • n.. 7) ,,,. Inwrpretat1on 1, Ill.de 
oat.ta. bu.la ot ....,,... e1"ed til.eiatiao-aUoa l"lclpa and Wldninecl 
dapne•S.Olllt ntdent oa tj)e u:rS.al photograpbe. JteU..r 11 25 feet Pff 
squre All• and tb• ooapNltlon ot the~ ta a olq till 11a1lar 
to the uu ot th4' 11.an1n •nd .... d.ne (p. 41). 
Collap$ed Olltwua. A 0 .. 2; aqu.re atl• .,... ot ool.lapfllll ootwub 
1a ))J"eSeat s.n MOU.Ot18 1 and 8 • t. 1,50 N. 11. 7J "~. •~ tu I~n aNN&. 
flMi nu.et on the oollqa..S OlttlfUh 1a 1.5 tnt per equn m.l• aod 1t 
IOO t 1,. 









r,\.itwter e-.mels aitd. ten-.... A w.ll-tWNloptd HUtbeut-
t.nndiaf! •ltwator ohumel tnueot.s th• .iurtJ.a Md IIO'ffine 1a wetwn 
~.'•U1 Goun\y. 'Ille ebanul ia 1600 tnt. wide, 1,5 tMt deep, and. ffntaiM 
deP"itl Ota.- ud gn•el. t..UNiated VS.th tM alt.vat.er oh.._1 
ar• Nftft1 depNi\a ot 1'orlln' 1M oont&ot. at.nt4.ti.S *1.f't. belinN 
to be kaM tena ... wbleh ue loal.1¥ ~t •• sud and graftl 
.......... 
Lau~. ;., lake depoe1\t 0.2,S BqUft ail•• in_..'\• U 
lou.t.4 1n ... t.t.en t&. T. 1,0 i4., rt. 7J ';,i• and ~r· to be • J)NND\.. 
d&7 ~ lake bul.A. 11\ia Nd1Mnu tn \he oae1n eouut of lan 
elq• 1n~ vA.th 1na•h sot.land allu.11.-. 
8 ... \h the cl&e1al df1.f\ 1n vee1.ern ·~•U. Couat,. ~ Upper 
CNWMOU r'1trrft !:ii:haa• F•x Rllla. and Mell Creek >'--ti.• probab,b 
•'1berop. TIie bedrou at.t.•l.Yt.n, t.i. rtwrtt :{bale eonauta ot 4200 to 
4600 reet or ,1alAlou10. MNO.S.o. ud IANr CrlttaoMus roo!:11 J"Nt.1.ng 
WIOODtot"Mbly on 1·'neGl!lbn.u l"Nka (~st.ruM4Jrg. 19!,); t!anaon, .1955). 
ra. .. nb•vt•• PNk8 tbieken IUl4 41.p nortbweat.vud bt.o tJiut ,<1illi1toa 
naata. :Zurta• OGtonp• ot bN:Nok 1n w"t.em 1¥•11• county aN •oaroe 
and include •11' the Piet'N Shale ud. 8•11 Cnek FOl"MU-.. 
i1vn s,aale, u .... ~Nd. ,·1•1"1"9 •,;h•l• ls dan. ,:rq t.o black 
and hu a bloeq h'ntare. lron •tai.J:u, an~ alOftl fN.otuN 
plaa. Upan veath•rtneh t.htt •bah bffake dOWb 1.nto .... u flak• wh1u 
an Up\ bluieh-0"117 when dJ7 and dark p-q wn.n ""• Iron OOMNti.OU 
vea:u,w out of the •hal.• and aft nat.du.lq o-..nt.ratad at the nl'".ta.oe, 
A weatbitnd outorop or .Pi•rn ,nal• u -.,.eed 1A a road nt in the 
:'.1it,;, aeo. :,o, T. 14S i., n. .• 71 'lw, and at the .... looatton tbere i• • 
treah upNVe of the ahale 1n o an1f1c1al uoaT&Uan, .\ road CNt. 
in ttut Iii!• ••o, 61 'I, 1.ltA} ~ •• n. 1'- ·~. upoa•• amt.her wa~ 
-.taro, et the .ri.ern ··nal• adJaoat to 1.ho f':htryemw Hiver Mltw&t.r 
obannel. 
fox 111.h fetl'&llUon. 'l'h• Fu Hills i''o!"Mt.1on ooutat.s ot tNfllftilh-
4S 
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gray to yellow. fine and Md.iu.ia-""1ned •ad• and aUldatone. lnterbedded 
w1\h dark ireen to IN1 a11\stonea and aha.lea (,,·1nt.er1, 196), P• 14). 
No aurt• .. 01ttcrope or the ,ox m ..lli r'orMt.lon ,..re NOOg;n1Nd 1n 
weetem :..Ua Couty. P'U•••ta (1946), however, reoorda euboropa ot 
Fox Billa "ouUien• in t.1- ••wm part of the aap a.na and Mn 
utana1w fox IUU. euboropa 111 'Lho weatem put d1reotq beuath the 
glao1al dri.:tt. 
!-i•ll Creek f O!'lllltion. t:nen1 espotNNe of bedrook, t.nt.a.tiYeq 
1dwiUt1ad u belongin« to~ Hell Creek ':'01W1U.on (c.I. Fry•, ora.l 
oolllmftloat.1.on, l~t -of Qeoloc,, OniftH1.t.;y ot t:•rt.h :"akoto.), are 
loe&t.d 1n a.ou.-.. 25 and 26, T. 149 N., i. 7) 'ti'• along tt. :u,eyenno 
iu.ver Mltwater ohanMl. The ou'toJ"OP41, fGWld along a.ct.ion 11M road 
out.a,•" eOll,POMd ot a lleht t..N¥, "1'Y rtn.-cl"A1Md slU'ldat.ne whia 
t.s aodvatAq weu ...... t..4 b1' a b4mton1 tie olq. ..~bliol.Ddant d.al'k 
ad.nfltala 1.apart. a. "ult and ~pper" .... a.ranee t.o tn. auatone. ;, 
JNdi\UI to dark browr,. ~ lllP,U,.'U.O •b•l• ocmt.&1n1n& abw'ld.ut. 
anr.a\el.1 plant tn.,-nta cr••rl1•• tu aandatone. 
NorMl •t.raUvaphio tel"llinoloa 1• d1tt1.oult to apply to 
tleia1.ooel.w d11pQ1t.a. !lctok .. tratio-apb1.c atu, definttd s\.ricU, • 
t.n• baat.s ol Utholoo, a:r. not applloable to gl.&eul drt.tt M1nl.Y 
'bff&UN dFitt. i• a t..ffMtri.al dapoait, and henoe diaa.onUnuou and 
eubject to wid• variations 1ft OOl'lpe>a1t.1on over ahort diat.aaoM. 




'flM-st.raticravMo lmitl el'lOGlllpUs all tJa rocks d:epoelted 
dl.U'1.n« a worlct-wide oont.ulpOn,neoua period of t.1.ae. '.l:tM,;r aN dlltiMd 
on t.ha oaa11 ot t'ouUa or ph,ys1oal eonUnunit,y Md *" not t.1.M 
tramtgnnive. n ....... trat.S.uapht.e unit.I are not cleeb·•ble tor oonoe-
1&~ dr:U't. sheets bMaue d.r-Ut. aMete an U.. t.nms1reaai.Y• and. 
nau1oted a U'6al •t.ent. 
TbeM d1ffiaulU•• are avot.d_. by uUl1r.1n. the ll&WphotctN.\1-
tra.ph1c unit U.r;r• and 0~1.11u .. , 1960, p. 7-8J rr:,e, 19621 Cla,ton, 
19~, p. !iJ) wbWl d1sO'l.ls:&1ng the et.raUgraplQ' ot drift sh"'- in 
t;.orth ;,akot.a. " iaorphoet,,aUgna.pM.o unit conaiate o:f all the r.l.rit't 
and related depoeit.8 aaaociated w1\h a aionttout glacial ad'Yanoe • 
.!.t 1s ncoou.sea 0:1 t.be bu11 ot form and location and reatnotec to 
local ue 111.M "l•Uv• t1M. 
All the aur.f aoe dri.!t 1n w.at.em ,~ells Coun\V 1e la to ,,,1.1ooru,1na.n 
ill ap. lilo at~t. nu been Mde to oornlaw tbue <irU'ta "1th tbe 
subauge t.n.inoloa ot tr:r• and ~ill.an ( l960) or t..1~tan ( 1960) tor 
t.n• reasons outl.iMd bJ ~• and aolton (19.5~, p. 4lit..46), UM 
t.ffm.1noloa us.a in t.hia re,*"t and 1 ta rela:t.1onahip to the drift.a 
found 1n 111111tem ,~olla Cowit,' 11 fhpict.ed u !1fO,U'O lj, 
.rhe ,u,e ot the morpb.oa1.l'•t.1'1'&ph1e lfflit. enable• tile claa.41 dritt 
in west.em ~ells County t.o b• d1YidH into { 1) :stretiter-aumatu '.,rlf't., 
(2) .'lrao• ~at.Ji" L-r1¥t, (:)) H•iadal Dri.!t,, and (4) harUaa t,n.tt. (t~. 16) • 
SV"Mter-Burute.d T':l"1rt. ri- llum•ud Drift And the St.nieter 
tntt. (lAM• and Colt.oa, 19.S6, p. 6)) are eubiMd uto a lincl• 
aorv~t.11npb1c unit ln tld.a nport aainly b.cau• th.,- eMr.10t be 
ditt•rentiawd 1n the f1·•ld whttl"'t net •~,anted by the .'l!treeter end 
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moraine. Clayt.ori ( 19,S2, p. 6J) d1acus&et sevol"al rea.ona for 1nt.e-
r,:rat11\4/; tl'HI 2-unustad and '.~tN1:.rt.er drl.tts iato a single llnit bt.aed on 
obae"•Uon.1 made 1n :..oi!an and ,lcintosh '..:OW'ltiw. 
Yb• treotctr...Bv.J'llBt.ad !)rl!t eouist.8 or .ll t.be glaoial drift 
deposited eou.Ulvcurt 0£ tho ~'\isaourt Cot.eau ••ca~t 1n WMtern H'Jll• 
County (tig. 16). The dritt sh."t eonaists of &n end tlOl"aine. ext.ensl.ve 
. a.nu ot d4ad .. ioo !Wl'aiM• oollar)aed out.wash, and lake Mdiaentl whioh 
w•ro · d•acrtbed in detail in the seot1on ori the ti1swn. Cot.ea\i : iotnot. 
(p. e,. .,n e~tion of oil and water •ll data (:\\111pson, l9.,I9; 
:;elson, 19.54, ::,iii.th, 1).54&, 19.54\:.i) aug,..,t,a that. t.ll$ :.>treet.r..aum,t.ad 
drift \hiokneaa ranges frOill 90 to 500 f Mt. Jhu ~rphoatra.tigrapbl.c 
unit was depoai ted by an ioe adv•mi• uito weatem .ells ;:ounty rroa Uw 
northeast. It is equ.1valen'L tc t.e•• and Golt.on'• U9!i8, P• 47-}0) 
post •. :raPWell pre-'Iwo C~w.,ca ruld post-:ary uximuii i'iwllber 1 drift.a u 
•ll aa the :.1-1 drift or ;;'lint ( l'J.5.5, i'• 119). 
Grace ,;,~l ty T'ri . .tt. !be Grace Ci v i rl.tt ( t11. 16) 1.nehd•• the 
gre>tmd 1t10n.i.M that trend4 thro\lgh oant.ral ;;iells Couty that vu 
pl"ffioul.r de••ribed in the Ja•• and "-heyenne .~1v•r a.reu (p. 2; and 
J4). :>ata tr• wa.ter wells within t.he Jrao• ,;1tg :r1rt ('!illJ?"on, l.1291 
~11.uet.a, 1946) su.ci••t tM drlf't. thicmes• ran.ie.e troa 70 t.c 400 teet. 
'IM.a aorphoet.rat.ign.ph1.o \ffl.it was fol'IUd b7 an 1ee advanoe troa the 
northwut and 1z poatulatlld to ~ t.h• tirst ot the Souris ,Uftr ioe 
lobes that advanced into ifella ·'.,;~t.1. :t 1a equivalent to the poet.-
Caz')" M.X1Allm :;waber Z ol Leiake and :olton (1958, p. 50). Ih« 1oe of 
the Onlc. "':1 ~ advanee was prevented fro~ .nt.r1.n).{ the >ds8-0Uri Cote~u 
:'i.stnet tc tbe south by th• la.rie a:.ass of ~:treeter-iJurnatad d•ad i<Nl 
51 
.,cffllpTing that area. 
'< art of 11, oonU'e:r ~ ,,.. found 1n the glacial Hdiment. in t.he 
H1;, t.f,,,ir:, ••c. )2, r. 146 Ji,l,, :·, .• (,q ii• ttltbouth the looat1on is 
Oll'ta1de or wat.om ~•ll• Coun't.y it is int.he '1raoe 0ity dril't abMt. 
'!he lot was f0\11\d 1n a ll¥'•l" ot tNs11Uvoue aediantl b~th 20 teet 
ot till uld ov-erly1ni the i'lfffll Rh.al• F'ol"Mt1on. H. wae dated, ~ 
the direction of ;11u.ben i,v-r or the r .: • O•clo~oal ·;\l:rvey, at. 9,860 :!. 
400 years !i.!". ,,,..lJt'.--9). Thi• date jAplle1 when the 1Jraeft •,:a.ty io• 
advu10-.l over tbis area. 
He1Jld,al l:rt!'t. 1·u Heiadal tritt. 1s rMtr1.oW to an al"'llta ot 
1.5 squaN Id.lea 1n the nol"theaat eomer •t the !'1111.P area. lt conabta 
uinly cf the Hei.adal cmd :itaraiM prniO\ltl.v descnbed 1n UM ·~,hll)"em• 
R1ve:r ana {p. J4). !'his l!IIOl"phostnt1iftph1o unit was deposited b,-
the Leeds lobe ( tell.kt\ and :':Olton, 19~8, p • .51) which ar.tranced 1.nt.o 
'IM8tem '••11& -AJUnty troa the norUHlaat.. ;he :.eede lobe OOJ"N)lat.u 
td th the part of ;,e.im«, and tJol Mn• a poet-'!ar:r ma:dma 11:Wlt>er J that 
ad'Vanc«I around the •att t1.d• of the ·r1urtl• >ountaina and into 19ort.h 
~.not.a. 
t\art.1& ;. ritt.. Ib• :\a.rt.in t.:rl.tt. 111 tNtatem '"'•lls count1 • u 
eoaprS.Hd ot end IMi>N.ine• dMd-iee IIOfti.M• and an O\l\'tf&ab plain. 'l;be 
dn.t't :I.a c:ht•crtbed tn det.aU i.n the HOUOM on the .:: ~e riiYer am 
(p. )4) and th• hartln aNa (p. 41). Thia 110rpbostnt1gra:ph1e unit 
w•• depoaited by the s•cond ot the ;,our1s .riv1,r 1o• l~s that 1.d·.-anoed 
1nto in. 11a;1 area !roa th• nortnvas't., The ••oond ·wrls i\iY1rr loo. 
con"elatff with th• i,art of l.ewc& and ,::;olton's poat-Gar;y ux1awl 
.S2 
~tUIWbeJ" , t.ut advaneed IINl\1nd tb• we,t s14• cf the ru.rtl• i'kOUttld,M 
~ 1.nto ~;oJ"th !llkota,. 
1'be landt.,... ot western '"19U. Counv wre produoed dud"' lat. 
,d.HOUinan. gaoi&l aoU.Yi v. '::~-iaeouinan 1oe ebee'8 ..,. haft 
glaeu.t.d ~ !iakota but. nrtao. ffid_.. or W• neat. 1• abaent.. 
Napol..a >rU't• toanct 1n i..ogan and Molntoab C.UU• (Cl.qt.OD, 1961, 
p. 70), ncc;ut.s t.b4' pl"'Gbabill iii that earliff \.t'1eOOQ81nan 1N ah4te\8 
pesNd ovv Vll9tem delle Coat, a, tlMry advanNd ••t.bwud. 
All tM 1• ,ta.eta U..t. eat.red well.a COIIDty du.ring tM late 
,.;1HOMinan p.robe.bly orlginat.ed troa the HM Mn't.al' ot a4MWIUlat.1oa. 
TM old.dt. nrtMM d1"1.t1. 1a W!Ntem "~.U• Cou.n"Q" 11 the ~~traeter-
Bunet.ad 1;ri.tt wtd.oh na depG91tad by • lllljor 1oe adYanoe r,.. t.be 
not"tMut about. 12,000 TRff a,o (Cla,t.en, 1962, P• 70). Large a.oale 
toe at.apatl• and a1nff tl111ot.ut.1ona of the uti't'e ioe tront wn 
ohan.ot.ri.stlo et UM n.:.t,l"NW1"-8'11~tad advance. The S\J'Mter end 
IIIOl'd.M, 1n ... t.em Weill Count,', W8 tonecl 4lll"1n& on. ot tMN 111.DIH" 
tlu.etuaUcmfl <n.c. 11). TM a.oU.ft 1M .rroat nt.na\ed troa >ielle 
cout, an. 'Ula tonaUcm er u.. ~t.r'Mt.r ond .IIOl"&i.M, b\ti thick .... ,... 
ct drit~•Hd atagnan-t. ice NMtlMd to ctnM tile sub•eqNDt tenation 
ot ttM d-4-lff IIOl"a1ne 1n t.M ~asoV'i C~&\l t:.1,tr1ot. 
n. nut ~. referred to a.a the ,)raff c1 v ad't'aaee ( Leu• 






































0 ACTIVE ICE 
0 END MORAINE 




tu tint of the "ovrle ~i••r 1n lob•. The Grace Cit.Jr &d'tano. and 
all •ubNqHDt 1• abanotta tnt.o t.b• ana ••• 1n the tOJta •t lobH 
f1'0JI the aa1n toe sheet.. !AbaUon waa eaued b., a ..-n.1 \.~ 
ot Use lee as t.be ellaat. ao,,nw d.vin& u. late ;d,1ooa,1naa. TM 
Turtle 1.-a\aiu • looated ta -~ lort.h t,akot.a (tt.c. 1) • 
beeaJN .P lactftUla& obetMJ.e and proYided ~r 1neent.1v• tor 
loba'U.9n u t.he S.• abNt th1rmtd. Tb,e Ono• C1t1 1•• ad'f....S •• a 
lebe MW the ao1"t.Hm t.wo-thll"da ot 1iell• Coat¥ ad t.eJ'ld.natN 1.a 
s tet..an Onl1'1 .,..,.. 1 t. tOl'IIIN ta. Onn cs. v end llffaine ( Lellk• and 
Colten, 1938, tlg. }). TM la1"ge ••• ot 5tnetel'J11J1MUd &tad 1• 
1a SCN\bera Welle Coe.\y pNrNRW tlt1t Jraoe Cita' &clYaoe tna a\el'inc 
th1a part. ot the a.'S,} area (1'1.g. 18) • Tho Ol"aee Clt,' KYdM depoai..._ 
th• ln•l t.111 plain that. tnnda aeNll.t e.ent.nl ,,•ll• 0-V. 
TIM not 1dYU1M, atwr the r•tnat of the i.1reee Cit,' 1oe lobe, 
NM 1a ~ fora ot two oonte~a lo'bea U'fNlld the ea.et ud lfNt 
thak• ot the Turtl.• Mou.nta1u. nt. aeoond f:-oui.• !-:J.Yer 1.,. ad.YalMMld 
fl'OII tM aort.hwat and tOl'lled tu 1;en1n end J191"1d.ne wbU• t.M LNu 
lobe ad\taaoed tna th4J nortMut. and toned the Re1Jldal end ....s.n. 
(tig. 19). AMOl"diQC to LMka Nld Colton (1958. P• }1-S2)• the Shey.-.. 
ntv• •lt.ateP oannal n• t....S ,oon attel" tbia t,y Ml.water hN 
tb4t ~n.aU.• or t.n. ;;otlri!J 'fi.1Nr lobe and dn1nage tl'OII Olael•l 
Lau SG!U'U. 
,.,-o,t-,slae1&l UM tHtpn wlth t.u retnat of the la•t 1.oe sbMt. 
troa the aap U"H. Uaed 111 \hie •.u•, it 1• a local, NMtt.r1eted ten 
vhioh ~ t1• t.nnacl"Maiw when exwnded over lon«; d.itt.anoes. 







__ -4.-_______ ___l __ ...1__ __ _J 
- 1 
T ~r ~ 
1~8 -- -- , - l I 
-



































[J3 ACTIVE ICE 
0 END MORAINE 

































[G ACTIVE ICE 
D END MORAINE 
CJ DEAD-ICE MORAi E 
CJ COLLAPSED 
OUTWASH 




D LAKE SEDIMENTS 









nae etdieat.ion and leaobi.Ai el sl.Mul drUt., in put-cJ.ae1al u.-, 
bu 1-.t to the ton1ats.• ot a otMtmoum eoil pron.le. ,.iind eroaien 
and opl\ien ha•• \anl'1 pl.aoe in addition t.o 111.nor modltioaUGl\8 b;r 
nnm.nc ate,r. Howwer, t.M clad.al and/orM ot tbe lato ~·t.teonainu 
(t1,. 20) u•• btten aod1.t1ed only •11'1'1~ 1n poet-ir;laei&l. U.. b .. &UM 
ot t.a.11' r.laUvely ...._t. onc1n and U.. ,...,.ailing a:, el.iMt. whloh 























D END MORAINE 
D DEAD-ICE MORAINE 




D LAKE SEDIMENTS 





_/ WASHBOARD MORAINE 
' 
GLACIAL GROOVES 
F1pn 21 showa ~ lMatlon of 95 sit.a 1n v.stem liielle Coant,' 
when drl.tt aupl• WN '4lken to• panieal 11•• ~... The pro-
oe4ure followed wu the standard ~'I.er ana].J11a outl1M4 1n the 
t..apha.lt Inet.1.tut.e ;10Ua x.,. ... 1 ( 196). p. 191.200). '?he <hat.a wen 
plot'ted a, ewatl.aU•• OVTM on seat.-loc cnph pa1)1lr and th• peroent.a,ea 
of •and, eilt. and ola, WN oalculat.d tor ea.ch nmple. 71&Vo 22 
1• a t.rlan(Ulal" d\ag1"U allowing the pel"08nta.g• ot sand. silt, and olq 
1.s a s1A1lar dug:ru !or till IUtplH Npr.••tatlv• of the Graoe Ci\)' 
J6:; s1.lt, and 24% oia,, wbUe Vi• t.Ul of t.r• :.itreet.er...Sume\ad d.rttt 
ebee1. 1• eoJlpOAd. of appl'ft1Mte]1' JO;', sand, )81:, silt., and )2'? e4,. 
lhe high clay rnctton in the tnetel"-Lllilma'U.4 till eupl•• and th• 
nigh sand t:raot.1.on 1fl \IM (iM.ce ,:.1 ty t1ll suipl•• b 1.ndi.o.ati. •• of 'tb.a 
.,, 
61 
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in till eaJSpl•s 0-0lll th• 1,noe Cit:, Drttt. 
:'>hale whioh S"PJJlilM'! a l.argt elq fraction to t.h.e till. l t 1!1 aao 
poe tu.lated tbat U. Graoe Cit¥ r 1"1.tt wu depos1 ted by an 1oe lobe that 
(i!uaon, 1956) en.ow, \bat. th• bedrook ,,..,. wlu.eh this 1oe lobe passed 
waa prl.Mri.q Fox Rilla and !~ell CNek .r·onu.Uons. Sot.ta ot tbeae ut..t.e 
a" weakq.,.eMftted sudlt.onea wblob pretUMbl.r ~lied a ).up •am 
traotion to the \.ill,. 1'.lle Nteult.fJ ot the a1ae aJMl.1¥ ... • th• :,t:reetff-
Bumetad and Orao. Cit)r Ulh tb•NiGN IUNta.nt1ta.tH \be :tleietoNM 
h1•t.ol7 1af•rred in tbl.s report. Till aupl.N tra ttw !\ariu ud 
Heimdal dri.tt sheflta wn too rw 1n nllllll>ff to preMnt a-~ 
1nt.erpret.at1Clt'I or wunnt sepan.te pnMD'Ut.loa. 
~·ebbl• and IHMllder ownta ~ •d• in .. t.m j,•lla COUti, at 
the loaaUou irld.1.nt.d by tS.pn 21+. ~'•bblA OOIUlte wre aade 1A ten 
,~t.. Nad wta by 1denU.fJ1ftc a.ppN'ld.llat.ei, 100 pebbles at. -.ch 
a1t.e. The pnl.1~ l"HUlt1 tor eaeh or the drl.tt 11Meta 11'l WMteftl 
1,:eu, C'.oim~ ar., •bown by tabl• 1. 'I'M sbale, ailtatou, clqet.aae, 
.Md sandl~ are rNsuaabl1' dtll"i YM hoa tu loeal 'bedNKtk, whU.e the 
otl:ktr rou 1:.1Pff "" on11MU,, d•r1ftd tl'OII aouroet 1ft Canada, J·h• 
Gn,oe 01 \y t-rttt &ppea!'e to oon\a1.n •re earbonaw pebbles t.baa the 
otbor thrN drift ,beets. 1lM ff•iadal Drift h&e a hi.chef' peJ'Mnt.ap ot 
qual"t.d.te and •Ml• p_..JM than U.. ott.r drltt ehMt.e. 'the hifl.b ah.al• 
thl-9e dntt abHt& and no ehal... l'rut lack of' shale suu;ut.8 that the 
>:our1t rc1v.v lobe did not pa.68 ovor the i 1•n-• 'bal4!1 :o:rMtion. 
:~ 
' :,1 







































e Pebble counts 
A Boulder counts 
Scale 
I: 316800 
noc1 T?Fit 1· '?(ltC!~NTiOt{~ 
5~- Jnee . hillldal ijaJ'U.a 
BlU"DSt&cl Cit,' Pritt DrU't 
!1f'.U't. tirlft 
Ll.Mstone and 
'4 S) 29 27 dolootone 
-
Gnm.Uo nok• .31 20 24 
.Sl 
Shal• 1) 13 18 0 
tJ&rk, coaa~ned 8 2 9 ti.. 1&MOU J"OOke 
tark, !1.M-graiud 









'.?iUtn.Gll\e and 0 1 2 0 
elayat.one 
Jl.dditJ.-.l p.t,bl• couu ar• 1'9quJ.nd to nbet.anU.aw U... ooneluiolla. 
1•• bftlde oounu wve e.ls.o -.de wt thin tb.e UN \'q' •~ 
ou:t a n.v ... q,un •tff aN& 1'h.ertt bou.l.d4tr• wn abun4ant and id•-ti-
~ tJie boulden vitaln the ••icna'Md area. Tee pr1tllal.na17 Nlftlta 
ror -.u 4rltt a!IMt 1.n net.en ·,.11, Oouatr ue ehoiwa bl' \&:tale 2. irio 
bouldff ownu"" -.de 1n t.bil au-.1 nr11, l'Mnun ot 1u 11a1w 
U'Nl at..\. 1n ••tan iel1- COU1f'. !ta. l..U., d.S.YM •bale. 
silt.at.one. ola:,atou, Ulld eaalstone WN aot. 1.aeorpln'W •• 'bM.lden 
ln the toe abMt duo to ~lr 1--,ate lit.hU.ioaU. aa4 ~ 
na'l.ure. A gneral ebanot.eri.8'1• ot all ta. 4r1ft abMte 1• t.M blp 
penenta,e et pult.ie ~.,... tl\lNI• MN pnhbl,- ~iAld 
beea_. o£ .,.. IIWWIIWS.ft d1,1nte.,..uon ot u. othel' l"ffk t.nee. the 
;:tz-Mter...a.matad :ntt. nu aor. flUrta.w bould.81'9 than •• ot u. 
otnw drU't. oueta wbioh -,- l>o • diqaoeUo ~•U•• l'lle G:ran 
c1 t, !':rU"\ 1• diat.lapd.sh«t by U,• M.lb• content or gnat. Uc bo't&l.den 
and t.he ~.4..vtin '.'::f'i rt by a hl&hff pwoenta19 ot daft, ....,.._.,..S.-d. 
1.-0U ~. A&U:u. . 1 boulder ...,t,e an alao ~ b.tore 
t.hn• eonoluiou an aooepct.ed. 
,, 
The ~ ._..&11 1» tale dr1tt 1h•te o.t wat..m :,1-U. Covnv 
,,... --1aed t.o ~ the puw.U>S.li:tu1 ot utnt; tbM w ool'Nl.at• 
tu dr1t\ eheeu. Sb till aa:apl.N tNII ta. ~.~t.,...t.er ... JhumW ~tt 
•• eu w.i ,-,i. fl'Olt t.lM a,.... c1 ~ D1"1.h ..,.. randoab' Mleoted 
and th• henJ At.Mrw •pant.I ulnc 11:andard p .......... (lt"u•an and 
F•t.UJolm, 19'8, p. :ns. ,-,). J. ~phio -1.0N>Seopt -· UM t.o 
idntlty oae-mandfld ne,..opaqa be&Y,J lld.M:ral JniM for MOh A11Pl•. 
aoct TYPE M:RCT"JttiG?l.'$ 
L1~W• an. lwt.l.D 




4 e dolNtaM 
<Jraat:t.10 l"OOka 69 81 6? 
Shale 0 0 0 
Duic. ......._er.a1Md 
' 
9 1? ~ ...... 








trUwt.oM and 0 0 0 
0~ 
-
Tt. pnl.1alnat7 J'fl\tltl are •hwn tn \able ). Sutpl• tra tlw }!at.in 
and BelaGlal drift tbN'tf ware ah• anaqud tw 1Ma"7 "'11Mrala, wt 
th• •Mill•• wre wo tw ta l'IWllMtr 'to 11•ld ooapanbltt ...iw. The 
llH'f7 111.aeftls t-.. 1n ttw :'J't,M~td and ar... C1\f 4n.lt 
ehMt.1 dUplq no appvat d1ap0atlo au.-.. ~ \o Gl.'6Y_. 
(19.51), , ... o:r tM •twlel 1ft ~ .t1MP •S.• tl'U'1 .. ot UU, U.. 
tbe heav, aimtnle. 18 able to pwn.1\ ~ glaoul ~t.ion 
and 1• lndS.eaUff ot ttle Mwrial •.U•i. at. U. ••• ot aNl:lllli 
lat.ion. tNllllmU end etNrl (1951) haw ---•.t\lU;r d1thl•U.•W 
:~1eoons1.lum 411.tt stMtev • the baau ot ftrJ.aU... t.n ta. lwa'Q' 
ld..neN1 oontet. TJMNIOl'9, ~ ftllllap MaYy .....,.i oaMnt ot tbl 
~-Cit,~ sw.e~uwtad cb1.ft ._ti ftlCMW that. ta. oent.er 
ot ••-.l•U• did no.t. aW\ dilar.l.a& ~ late $_...1aan. i:ioufl'er, 
MOffdl.,J,g to CNsbJ (1896), Tret•Uien - Manie {1940), and RelJlu 
(19,52), the •Jerl~ .r the Mtw1&1 b t.M ONl'ffr 11• tn.cttlOM in 
till is derl.ffd f1'0ll a looal HUJ.l'Oe. Thu,~ d1apv1U• kt.went>.. 
~l• and bouldwr NUDU tor tJw dfttt -~ ot WW'Uft '..Jell.a c.uv 
auggMt lobat.14ffl ot U.. a1n iff abUtM pl"ie to 1ta eat17 into ~•U. 
qwnv. LobatJ.ea fd the 11111n t• atten ia di•euMd 1n detail 1n tM 
1N\lea ca ¥le1•t.ooene h1•to.ry (p. ~). 
i 
70 
1'!,UT .. :r ). L1at-rlbetl• et 1100 _.. a1JMNl aft.1U 1n tUl ..,.i .. 










;,,.,.. .. ? e 
i.pw.et. a ,. 
11.Ut. 2 
' S~M < 1 < 1 
r~t.UAl < 1 < 1 
:~.lJeclla < l < 1 
repu < 1 < 1 
T......U. <. 1 < 1 
,,.,_._ .. < 1 <, 1 




~ .. < 1 <. 1 




s.a ... te oonta.lld.ng •i*'1W Of Mlluita, ~. aftd 
eh~ r•••l.111 WNt coll~ at 16 looa\.tolu 1n WNt.m ·;./tlU., 
ai t.e.t -, GOl\t.ala ,..._t aailule. the tollow1.n( lilt. 1• • aorpho. 
s'lftUpapllio gJ.'9Up1n.c of~ a1t.1 •ub4'1•1Md aoeo~ to the 
t.J'pe o! Nd1Jlent. 1a vh10b tho ruJa1n8 nn tO\lnd. Ul sw.~unt 
nteenoee to U.. ~ st• will be ade b7 tu IWllber to whiob 
it.,....,,.... in~ •rphclatft\1 ...... gr8'1P1ni. 
:·~~ f:r.U\ 
Collapaed 1an Ndillen'\8 
1. ~~t. .... 13, 'I. 1•, !Ji •• wi. 71 .,·,;· 
2. NW:;, . ... 12, T. 146 
"·· 
ri. 71 • 
,. 1C I ,t ,. .... 10, '1. 146 w •• ~ .. 11 .; . 
4. M!'i' • 
""""'. 
.... is. 'I• 146 N •• P .• 71 ,.,, 
,,. . If' l. 
'"" "• .... 2, T. 140 1 •• . {, 71 'i; • 
,. {~i~ • .... 29, 1·. 147 N., Ii. 1; "'. 
7. ii~. . ... ,:. T, 141 li •• It. 1) ;,,i. 
8. NC{, ... 11. t. 147 1 •• R.. 7) '". 
0.... C.1.V I)ri.ft. 
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• 





















flOORR 2,. ~ •~ t.M loeat.ioa ot sites wb«tN Mlluk 
.,-s.w ..,.. •olleowd in veswm ~4•11• c«mv. 
i 
.U. :4Ct, MO. tJ, T • 147 ?f., ii. '12 ;..;. 
\ l • '1 •... ·.-,. .,. 
Table'+ abow the paen oolleoted at eau of the 11.tew. tbe 
ao•t ._..t. gnera an CO'ftuu 1)8"Q, q,Ntul.'1• IP•• ValTat.a 
UiOU'luu, ~- !aanl18, fU141Wl fP•·• and U"llll.pr Ol"i1rt.a. '.i:1t&• 
1....S, atta.ated la eollapeed lake a..U...te, yiel4ed aquaU~ fosail.e 
a.l.aiNi •el.a.iveq,, «--..tNUag \Mt U.... Hidi.altMt.a wwe 1Adeed 
d.-1w 1n J' ..... JAJt... ':11\H 9.12, 1n al"6all MppM •• PJ"Ot:lacial 
lake "41Mtlt&, baY• ~laatel;J fKlU&l a.aount.a or aquUo Uld tel"'-
reet.rlal aniul.s. rua •-P1Jt.• that. the aqu.at.1.o tauu wu Nplacecl 
bf a t.e:'fttlt.rtal ta0& ea Ule l.an diaappeaNd. Cine ot \he •ltwater 
oh.armi91 al.we Miaw.iMd •tr1ri.1¥ aqut1o ant•la libll• the other 
oont.ined a oOllb1naU• ot aqut.t.e and tenestn..al anuuale. The 
atd.u.l• at. tbNe WO lite• IN bel1Med to Nfl.ect po1t-ilaoial 
eon41U,G118 and not claoial. iiit.• 15 and 16 oontai.Md a;routlo uiula 






tABl.!i; ~. 1,iat of genera oolleetAd •t ea.oh •~cs.Mn slte 1n 
western ;i.-.111 Cow,t,- ( Ntw to tat for looat.iou). 
IiAK'IC SI'ffi ml!ia~ 
1 2 3 4,5 6 1 8 9 10 11 12 1, 14 1.S it 
J,rraulua paffU J. A A A A A J. A A. Ji. A. A A A A 
O)Taulu ap. A A.. A A A .A A A A A A J 
Valvat.a t.rioarlnata A ~i A A. A A AA A A A 
ValY•ta 1-181 A A. A A A 
Val.lord.a •P• '1' T 
t..,,maea •P• A A A 
L,-aea huilla A A A A J... A Ii. A A A A A 
l'1aid1u •P• A A i A A .14, A A A A A 
l-.rtli&el' Ori.Sta J,. A A A A A A A A A 
i" l'Ot4enet.U8 UAG\a0\11 A A A h A 
Hali.SOM tri.'t'Olie A A 
Hellaoaa anoe,pa A 
$uec,1.ne.a sp. R R R 
7.on1 to1do8 anoreu T T l' T 
Char,ohiu ed.pua <!I 'l' 4 
J1:ucoaulua tulws 'l' T 
Jastrooopw. ep. T T T 
N•ff1Uea •P• T T 
Vertlp el.au.or T 
Plu'•a •P• A A A I.. 
c:stn.ooda. ( andt.) it ,.. J,. • A A ..r,.. 
Chuta ep. f, A 
• 
lbe p."CNnd water of wut..m '··•lle CCNnt.,, is a valubl• ruOllro. 
wbioh bu ~ onq pal"tiall1' ,..,..loped. 'IM SM7eme l\iver •lt.watv 
oha.AMl ( p. 3.5) , whloh. tNnds aero•• west.rtl ;!,{olla Cout,, 1• u.nd•r lain 
b;y thl.ek daposit.t ot ~~ltl• eand and lf'tlftl whieh cont.a.in lar.:• 
volwaea of ~ qt.fl' ( 1u,pa,on• 192'/). All eurta~ wator that 
v-reolatea 1ni. t.bie aquit•r 1• purl/ied b.Y tr.he natu:ral filtering 
aat.1oa or Hild and uav•l. L&rgtt-d1.-ter ooll•otion v.Ut <i"6 into 
tbe wattt-t'11led gravel• will yield a aa.f•, dependable au.pp~ ot water 
•• ueapl1t1ed by th• oolleotion ftlle \bat:. p""'1.~ FiarYq with a 
am1c1pal vatw •wps;,q. 11Ma• oollNtion 'Alls an d.tuted in t.M 
grav•l• or th• :;hey--. it.iv•r aeltwater channel. !:"isd.lar collecUou 
nll• plaeed •lMwMn al°"' tbtl aeltwatero charmel will wo yieU\ 
i,t.ppliee or ground v-atw oapabl• of supJi>Ort1nat •n•nl towns tb.41 a.1.u 
ot Haney. 
A d•1.a1led stud:," ot tn. gl"O\m4 wat.er ot ~.ult COUAV h.u not. 7et 
bHo Mnd.uot.ed, but aneral additiona.l area• •herald .11•14 eaMllent 
auppliN ot (l"O'W'ld wat.el". for uaaple, th• ,.ootq Run ••ltvat.eJ" el:1.1.mMl 
(p. JO) is probabl,y underlain by t.Mek depoeit. or sand and craYel 
produo1ng ,~ watu· 00Dd1t.1.on1 aailar to thoa• fo\&Dd 1n thtt :'<bq•nne 
t,1.Yfl' aeltw&t.er obanmtl, ,.:a.ter w•lls lH•t.«l here sbould also y1•ld 
'°od s\lppliot or r?"OW'ld w•ter. 
--
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Accordin& to ftlaseta ( l';L.6) • u,. Jaue ::1ver •ltvat.er channel 
(p. Jo) ie not wtderlaln by sand and uo•l, but b:, dep0ait.s ot ailt 
and clay. Tb•r•ton, tb1t •lt.wat.r cbann.J. b not. a potential ai.1.uifel". 
lbe outwaah pla1n, dtaou..1H1H 1n th• Eheyemwt ~iftl" area (p. 40), 
is anoU••r likely reur¥oir ter groWld water. ni. Olltwuh plain ha.a 
a neha .. .,... of appJ'OdM.tAly 14 aqure lld.l• in nort.hwut. iliell• 
County. The pJ/'IN1p1t.ation fall~ cm thi• al"M. will peNOlat. dO'Wl'llMJ'd 
and b• purU'ied aa it pUMe Ull'Oll&h t.be out.vuh sand ac anvel. da't.N' 
well• dq 1nt.o the out.wath "111 pl'Ob&bly produoo ~ •up,pli .. or 
~ lf.l.ter. A ••t o£ gl"ftnd water oomlitione ebdlai- t.o tbeae wq 
exht ill the area aapp«t •• •ollapted out.wa•b t.n tou.tbnet.m Welle 
::ouni, (p. 15) Mld,ng this another, .,.ioeei.bl• .aquifer. 
; ;•poet \a ot burl.ed o.:atwa1h, tol"IIN. d\tring p,-evioue gla,oi.al 
aotiv1t,, 1110\lld al~• be cood •ttuitera 1! t.bey wn capable ot beine 
l"ffbarged, n.. lecat.S.e or au.ctn ~ried 0'1tvaab d•poa1te awaJ.ta • 
det.ail.ed ttl"OQnd •i.r •Ul"991'• !beN 1s a toi;.,o,npblo lw in tM dead-
ice IIMWaiM that -., np.-...nt a bu.nee! s\lb~.1•oonainan dn1na.4e ch&!'IMl 
v1 thln 1.M Mi•••u.ri (',0t.oau .1stn.ct. This low 1.a a11111lar in &ppeal'ance 
to tb• !J.nooln Vall•y sag 1ft ''.•Mndan Count_r. ~llis tea\U'9 t.nmda 
DOJ'i.he&at &e.J"OtJB l. 1_i.7 ?ii. 1 he 12. Ulid 7) -..·. and ....... ld.t.h UM ,l"O\llld 
Affat.M o.t tb• J&lle8 /1.Yer ar•. 1t tM.s ea.g repneenu a bvS.ed 
oban.l, 1\ M1' eontai.a depuiu o.r •and a-ad tn••l and Vftld tlwretere 
be a potenUal artutan aqui.fer. JJ. f1aal i.JltupNtaU.on an1t.• a 
d•t.ailed drillin,g progru or thl.e sag. 
In geunl.. an, GWU'iY• Mi,"!Mi t et ··- AM ,n-.el --- a 
good eho1N tor a pot.ntl&l a.quit er. >;ate:r weU. (lJ"lll.S i.ftt.o ilao1al 
-
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till and lak• sed1Mnt.a. boveT•r, an not reliable and t.h• quantity 
and qoaltt,' or tbe C1"0\lftd wawr pl"Oduoed ta frequently unaaUstaot.017 
tor oth•r than aull tll"ll uee or stock wat•r. 
1l.an,, SIU'faee eand and gn••l 4~•1 ta ••• bee explo1 ted for 
road ooutl"'QoU• ut.erial 1n watern ',fell.II Cout,, but. meh !ION 
utensi'f'e d~a1ts l"'9Min. 'the Q\\&)J.t,' of the sarid and gnYel van.NI 
1n'ftrMl;, "1th tM •bale oetllnt and. th• shale content b nor.Uy 
high. so th• depoaita have tiMlr NODOllio UJ&ltt.t1one. 
'Ill• belt tOUl"Oell et sand end gra"Nl aN -the wll-aor-tAd aed1.Mnt.s 
ot th• tel"ftMS and a•• alone; the -1 t.water channel•. 'l'beN depoai ts 
are 008!IOII alon1 the -~MJ"enn• t--1.T•r• r~oc>ty 1·1un. and ,..,.nl sul.l•r 
Mliwat.er ob.atwtlt in ••wrn !liii•lla County. Th• d~M1ts IN be1ni 
worked pNNnt.ly • but tJN>l"'IIOQ8 tup.pU.u rMain. Ct.Mr poten:tJ • .al 
aouroee are the ••kff•, orwu•• t1ll1n.e•, and d1a1nte,n1.1• ri.di•• 
soattered throttgbo\lt t.h• oo,mty. The l.aJta:• .. k•r, deao:r1bttd on page 28, 
ts an exoellAnt. pro•peot tor sand and gnTel, . t UM8r ••1"1•• ot 
d1t1ntcgrat1on rid«•• tnndtni aero•• T, 147 r~ •• P. 72 and 7J a, (p. 20) 
l.ilrwin ooot.aia MOft0\1110 qua:nt.1 U.•• •f aand and O'd-1. ln add1 Uen, 
M••ral large k.ulen wit.bin th• ~t1asourt ~et.au rtstri.et. {p. 20) oont&i.n 
a1:iprec,1abl• amo\Ud,s or sand and e;ravel. 
The ot.l"COllM toil, dffeloped on t.he ilaoW dn!t. 1n WMt.rn 
-;ells County. 1s one of the ,ltOat fnt.11• and productive io1Js known 
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to un. i.Neent. oo.ndit1cme or el:.ll&l.te ar.d tcpof!t1"-.ph.J uica the area 
,u1tal)le tor th• uaeoh4U\1.Hd produet.ion of aull P"iD crepe. However. 
w1 th irrigation. th• pN•.at orop )'1.eld• could 'be 11'14l'H.Md .• 
Areu ot &h\mdant bo\llden. stMp •lopee, or poor drainage u,e 
lM• suitable tor a;nnlt.llN. u. 11 posa:Lble to reo.la1a eOlle of th.e 
pooJ':1-oni.ned aNU !er a_crioultun thl'OV,lb adaquat.. drainq.• pro«r••• 
W:S.nd erosion of ao!.l 1• P"••ntl.;r a s..-1ou e.pi.cultlll"8l problea 
ln i<,~lll c:ounv, but. wind bNJalts and. eover eropa IN beinc 1.M...,.lncl.7 
ut.111-4 t.o cent.rel wind •Ne1n. 
TM lMl\d!Ol"ltl ot "8Wffl /MUii County' .... p:rodv.eed danng law 
~soanainan glaoul •• u .. u.7. l'he.J baY• 1>ea ..u.n.ed only alia.htl.7 
by put-glaoS.al .,...lOll and••• ••Unc 'beoeu• ot the NlaU..N:11' dr:, 
oll•te that. prM'ail• in the lllN&. Tn. r.1aeovi :::owau r,1,vtn u 
ehanct.ertsod by n.~-on.oo.t.cl IWR&ftde ot Ull ffllhm •• dead-1M 
IIOl'a1M. 'fb• doad.,.io. •rat.ne o.rS.p.nated whe a la:rp aaas ot st.a.gruu,t 
1M ablaW. aft.er typical glacial depeaiUGMl f•at.w.-ea had tol"!Md on 
u.e *"1tt-oo'ffl"ed surtan. Complete •ltin& oaued tM ooll..apt• or 
th• pl"ff1••1' t""1Md tMtuns and t.he undul&Un& \opocr&phT of" d.tad-
1.ee 1IOn.1.M .-..ult.eel. Th• M1seouri. Cotuu esoarpaa&nt to.nu tn• nor\h-
eut be1:aada17 ot tn• 1:iaaou.n r.o~u n11t.r1ot. 
The reJU.1nJ.ng pU't or t.he •P aNa oont.ai.M sueh gla-c1al fMtlll"N 
aa tmd •Nine, Voll:Dd IIOff.1M, nebboard aora1ne, &).aoial ~-. 
outvaah, la.k• Mdi.Nnt.a, and IHtlt.wat.r chann•la. 
Late 1r1soone1nan nent.a 1aolu.de ioe adYancu both troia tt\e 
northeot. and norttn.Nt. Thue two t.rends o! tee adTanoe ar. the 
Nault of lobat1on or the u1n ie• sheet arcu~ thtt Turtl• r;OWttaiM 
and not a aM.tt 1¥t the center or aoouauletJ.cm. 'ih.e rMulta ot aiu 
att1l.J' .. •, Mfn1' tG.1Mt:nl an&lr•••• pebble eowat.a, and bocalar CO'Wlta 
au.pp,ort the l.obaU.On byp0\hu1a. 
Leg• volU111168 ot SJ"ound wat..l" aN p.....nt 1n t.be t;ra•-1• of tbe 
•l tater «h&Mela and out.w.an ot wat.em :.4-Ua C~ty. t.arp-d1.aut..r 
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oolleoUon wells peSMtnUng th. .. • ~epoe1te will ,-ittld d•pendable 
suppl1" or good f,l"OUnd t.•\er stl1.table tor future induatr1•• or 1n'i-
gat1.on. 
1~00Jmlend.at1!MWI tor tut..ve ..-eareb 1Mluc\e a detailed ,i;.,'1"Wnd 
vater ewd;t of tb• area. Teet drUl1nai; and a •t.udl' ot t.h• b)rdrol.Go 
aN nonaall.J ~l't.akan •• a part of th• onrall proJH't. stter t.b4t 
geolog or the a.na has bNb deciphered • 
.\ddlUoul reeeaNa. 1• ,.qm.Nd to detend.M u· the pnlllllnarr 
oonolua10M ol>\a.1-d ,.,._ tbe auaple. aaai, ... are Yalld. A till t&bri.o 
•t.l&d7 •f tu dltt•reat dri.ft ah .. te aa:, tvtHr UlfJli!'y t.lMt pns-.t 
1nterpn\aU.on. ot il4d.•tooeM eY.nta. 
TM~ alone U.. r.~ M...,. •lt.wter otwnnel aft 
another eovee to.r htaN ..,..,.Nb, 'l'llelJ4t t.tta_. retlfft dU'terent 
eta&•• 1• tb• •atua• ot Glacial 1.- Soun.•. but ·U•• Tar1.ou •tl.•ta 
aJ!ld tl'Hd.r nlauon to tbt1•toN• h1eto17 a" •a.cv.e. 
t. posnble uprOY .... t to be oonatdflted 1n t1eld ,,....Su:ree 1• 
applng on "/.5 aiffllte t.opopapllle quatrucl• wtMmnw poeaible lnat.Hd 
ot eouav bigbwq MP8• l~rapbto -~ Uke landton iate'r'pretaU.H 
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